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tive psychology. They depend for their validity on whether the 
mechanism assumed for the reactions is the correct one, and for this 
assumption a basis of ebservation has usually been lacking. As will 
appear, some conclusions that have been deduced with the utmost 
confidence lose their validity when the actual mechanism of thi 
reactions becomes clear. 

It has become the fashion to refer many processes taking place in 
ontogeny to chemotaxis, or other reactions to stimuli, the matter 
apparently being considered as therewith definitely put at rest, as if 
such reference permitted no further analysis. It seems often to be 
forgotten that movements induced by chemotaxis must be accom- 
plished by some means, some mechanism; and upon the character of 
this mechanism depends largely the interpretation to be given to the 
process. It may aid in recalling this neglected fact to set forth the 
roundabout method by which certain free cells succeed in gathering 
about a source of attractive stimulus. 


A third standpoint, from which a knowledge of the general mechan 


ism of reactions to stimuli should be of interest, is that of compara 


tive psychology. The stage of mental development represente d by 
unicellular organisms has, since the work of Verworn, been studied 
comparatively little, at least in any thorough manner, and the dis- 
connected phenomena observed have ient themselves to interpretation 
by different authors in the most varied ways. Some hold that such 
organisms have a complex psychology containing nearly all the cl 
ments of which the psychic life of higher animals is made up, whil 
others maintain that the observed phenomena are explicable on thi 
simplest grounds; that such organisms are merely automata of thi 
most limited capabilities, and that the activities which they show 
require little more than the property of irritability for their explana- 
tion. It may be hoped that an exact knowledge of the mechanism 
of the reactions of one of these organisms may throw further light on 
the question of the simplicity or complexity of the ‘psychic life of 
micro-organisms.” 

With these problems in mind, an examination will be made of the 
motor reactions of Paramecium. ‘The organism to be studied, Para- 


mecium caudatum,! is a unicellular animal belonging to the group of 


1 In the first of these Studies (/oc. c7¢.) the organism used for experimenta- 
tion is called Paramecium aurelia. I adopted this name because the organism 
has been always so called in the Jena Physiological Institute, where the work was 


done, and because my attention had not been called to the possibility of a mistake 
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The method by which the reactions of Paramecium toward most 
stimuli is demonstrated in practice is shown in Fig. 2. Paramecia 
are brought upon a glass slide and covered with a long cover-glass, 
supported near its two ends by bits of capillary glass tubing. The 

Paramecia swim at 


random throughout 


the preparation. 
Now a drop of any 
solution toward 


which the method 


of reaction is to be 


tested is introduced 
beneath the cover- 
glass by means of a 
capillary pipette, as 
FIGURE 2 Method of testing the reactions of Paramecium. shown in the flour 
The Paramecia in 
their random swimming strike the edge of the drop, whereupon they 
react in a characteristic manner, If they are positively chemotactic 
to the substance in the drop—as they are if it is weakly acid in 
reaction —they soon gather in a dense swarm within the drop, as 


shown in Fig. 3. If, on the other hand, 


they are negatively chemotactic, the drop 
remains entirely empty, as shown in 
| 

Fie. 4. This method is of course de- | | 

|. 
signed especially for the demonstration — | \ 

of chemotaxis. Thermotaxis, or the re- | 
action toward heat or cold, may be de- 

monstrated in a similar manner, or better 
i Warm i 
by warming or cooling one end of the ig ot ' 
slide; still better by means of the ap- yositively chemotact 


paratus devised by Mendelssohn! 

Now, how does the substance in the drop in Fig. 3 succeed in 
affecting the cilia in such a way as to make the Paramecia turn toward 
and enter the drop? 

Observation of the method by which the Paramecia collect in the 
drop shows that the foregoing question involves an assumption which 
is untrue. The Paramecia in the neighborhood of the drop do not 


turn toward it. The animals collect in the drop in an entirely dif 


1 MENDELSSOHN: Archiv f. d. ges. Physiol, 1895, Ix, p. 1. 
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itself, constdcred as a motor re action, there ts no positive taxis in Para- 


mecium. The so-called positive taxis always acts indirectly through 
(apparent) negative taxis. The question of how Paramecium turns 
toward an attractive substance may be thrown out, with the simple 
statement that Paramecium does not so turn. 

Phere remains then only the mechanism of the negative reactions 
to be elucidated. We may first proceed to an examination of the 
method by which Paramecium succeeds in keeping out of a drop of 
some chemical to which it is negatively chemotactic, as in Fig. 4. 
For this purpose a drop of } per cent sodium chloride solution 
may be selected. To understand the negative reaction, it is neces- 
sary to recall the animal’s normal method of progression through the 
water. The unstimulated Paramecium swims nearly straight forward, 
though in a slightly sinuous course, the narrower, blunter end directed 
forward. At the same time it revolves on its long axis. Usually, 
but not invariably, this revolution seems to be from left to right, but 
there is much variation in the direction. 

Now, when a Paramecium, swimming as above described, strikes 
the margin of the drop of sodium chloride solution, it reverses its 
course, darting straight backward, —the broad, pointed (posterior) 
end now being in the lead. At the same time, the direction of rota- 
tion on the long anis is reversed, the Paramecium revolving (usually ) 
from right to left. Next the animal swings on its short axis, so as to 
bring the longitudinal axis of the body out of the line of direction in 
which it was first swimming. Then the infusorian begins to swim 
forward again, — following a course which lies at an angle to the 
course it was taking when it struck the ‘drop of sodium chloride 
solution. Briefly stated, the animal has adopted the very rational 
course of backing off, turning in a different direction, then proceed 
ing on past the obstacle, — much as any higher animal would have 
done. 

We may here take up two questions, upon one of which we have 
already a certain amount of evidence, while the second is pressed upon 
us by the course of events in the reaction last described. The first is, 

- Do different kinds of stimuli have different methods of affecting the 
cilia? For example, does perhaps an acid cause the cilia to strike more 
strongly backward, driving the animal forward; an alkali, on the 
contrary, cause the cilia to strike more strongly forward, driving the 
animal backward? In this way, at first thought, the positive chemo- 


taxis toward acids, the negative taxis toward alkalies might be ex- 
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With these considerations in mind, Paramecia are immersed d 


in solutions of various sorts. This is done as follows: a solu 


mixed in a watch-glass, then a quantity of water containing Parame: 


is taken up with the pipette and injected energetically into 


thy 
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As in the sodium hydrate, the Paramecia dart backward, only here 


Let the Paramecia now be immersed in per cent acetic acid. 
the motion is more swift. The action of the acid seems much more 
energetic than that of the alkali; the Paramecia dart furiously back- 
ward for an instant, then turn quickly and rush forward for a moment, 
then perhaps backward again, then turn and rush forward. In ashort 
time the backward motion has ceased; the Paramecia are all swim- 
ming forward at a furious rate, and soon they die. The difference in 
the action of the substances seems due to the fact that acids do not 
affect Paramecia at all, except when they are so strong as to be 
severely injurious; hence the great energy of the reaction and the 
quick death of the animals. 

Thus acids also cause the infusoria to swim backward at first. The 
reaction is qualitatively the same for both acids and alkalies, only 
the intensity and duration of the different parts of the reaction 
varying. 

In the same way, Paramecia may be immersed successively in a 
solution of some neutral salt, as !} per cent sodium chloride; in a solu- 
tion that is effective only through its strong osmotic power, as a IO 
per cent solution of cane sugar; in a watch-glass of water heated to 
35° C.; in a watch-glass of water at the freezing temperature. In 
every case the characteristic features of the reaction are the same. 
The Paramecia swim backward for a longer or shorter time, then turn 
more or less, then swim forward. This may be repeated many times. 
In the different solutions the different features of the reaction may 
be more or less pronounced, in energy and duration, but the essential 
nature of the reaction is the same in all. 

This series of experiments gives a definite answer to the first of 
the two questions proposed. [:vidently different stimuli do xot have 
qualitatively different methods of affecting the cilia. In every case 
the essential features of the reaction are the same, whatever the agent 
causing the reaction; only the intensity of the component activities 
varies. Every reagent causes at first a reversal of the motion of the 
animal, and therefore beyond doubt a reversal of the motion of the 
cilia. Since the same result is obtained with stimuli of so hetero- 
geneous and opposite a character, it follows that the determining 
feature in this method of reaction must be internal. The Paramecium 
is like a machine in which the wheels are set for a certain motion; to 


every application of power from whatever source it responds by this 


motion. It is to be noted, moreover, that while in these experiments 
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glass will be whirling like tops. It is easy thus to have hundreds of 


specimens in the field at once with a low power lens, and of these 
many individuals will be in such a position that it is easy to deter- 
mine the relation of the direction of turning to the two sides of 
the animal. It then appears that all are whirling toward the side that 
contains the contractile vacuoles, — that is, toward the aboral side. 
The direction of motion is indicated in Fig. 6. At first the Para- 
mecia whirl as if on a pivot through the middle of the animal. Later 
the centre of rotation comes to lie outside the body 
of the animals, so that they now swim in circles. 
In every case the centre of the circle lies on the 
\ aboral side of the Paramecium, so that the animal 
\ | is still turning toward the aboral side, though not 

in such short turns as at first. 
\ | Thus under the stimulus caused by potassium 


” \ iodide, the direction of turning is determined by 
J an internal factor,-—the differentiation into oral 
4 and aboral sides being the deciding feature. Tak- 

i ing this in connection with the fact that all unlo- 


calized stimuli cause turning, it is a natural inference 

UkE6. Direction that the localization of a stimulus has no effect on 

of motion of Para- the direction of turning. As this seems paradoxi- 
mecia whirling in 

cal and improbable on general principles, however, 


I per cent solu 


tion of potassium it must be tested by observation of the reactions of 
iodide. Paramecium toward stimuli that are localized. Is 
there a difference in the reactions of the animal ac- 

cording as the stimulus affects the anterior end, the oral side, the aboral 
side, or the posterior end? To determine the answer to this question, 
it is only necessary to introduce a drop of some chemical compound 
beneath the cover-glass of a slide preparation swarming with Parame- 
cia, as shown in Fig. 2, and then to watch the edge of the drop with the 
low power of the microscope. Among the multitudes of Paramecia 
that strike the margin, many come against it obliquely, or touch it only 
on one side of the bi dy, and their conduct is then easily observed 
The reaction is the same in character as when the animal is immersed 
ina solution that acts as a stimulus; the Paramecium swims back- 
ward a distance, turns, and swims forward. It becomes evident at 
once that it does not turn directly away from the source of stimulus; 
the position of the drop seems to have little or no relation to the 
direction in which the Paramecium turns. Sometimes the animal 
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and their conduct toward localized stimuli is observed. The unstim- 
ulated Paramecium swims straight forward, revolving slowly on the 
long axis. On coming in contact with a mechanical stimulus or a 
drop of some solution toward which it is negatively chemotactic, the 
animal swims backward very slowly, at the same time revolving 
slowly from right to left. Then it turns slowly, — a/wars toward th 
aboral side. Vf the aboral side is above when the turning begins, the 
animal turns upward; if the aboral side is below, it turns downward ; 
if to the right the animal turns to the right. This is true for a simple 
mechanical stimulus, for a chemical stimulus of any sort, or for a 
thermal stimulus; in fact, for any kind of a stimulus that can be 
tested in the gelatine. After some time inthe gelatine solution the 
Paramecia are usually seen to be somewhat curved, and the curving 
is always toward the aboral side, as in 

Fig. 8. A similar curving may often 

be observed after a strong stimulus, 

D when the Paramecia are mounted in 

water. The anterior end thus curved 


‘aramecium 


of course acts like the rudder of a boat 


ral mie, under 

in turning the course of the Parame- 
cium toward the aboral side. Neve 

theless, while it aids, it is evident that this is not the only factor in 

the turning, since Paramecia under other conditions are seen to turn 

sharply, cr even to revolve almost as if on a pivot, when the body 

is not observably curved at all. 

The invariable turning toward the aboral side may, as I have since 
discovered, be demonstrated, without the use of gelatine, in the fol- 
lowing way: Paramecia intermingled with masses of bacterial zoo- 
glaea are mounted on a slide and covered with a cover-glass, which 
is closely pressed down, so as to leave only a narrow space between 
slide and cover. It will usually be found that many Paramecia ar 
imprisoned in small crevices in the bacterial zooglaea, so that they 
can swim only from one end of the crevice to the other, and at each 
end they must turn. The cover-glass is so close to the slide that the 
animals can turn only in a horizontal plane. By watching the Para- 
mecia as they turn at the end of the crevice, it will easily be seen that 
they invariably turn toward the aboral side. 

We find then that the question last proposed is to be answered affir- 
matively. Paramecium after reversing a/ways turns toward the aboral 


side, whatever be the nature and position of the source of stimulus. 
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the animal, as shown in Fig. 19 (oc. c7t.), while the cilia on the re- 
mainder of the body are quiet, or possibly have varying motions 
tending to counteract the motion of translation that might be in- 
duced by the cilia in the oral groove. Meanwhile, the body of the 
animal remains at rest. This type of activity of the cilia is especially 
characteristic for resting Paramecia. But sometimes the solid body 
which causes the thigmotactic reaction is very small and movable, 
and so does not restrain in any way such motions of the animal as 
might naturally result from the activity of the oral cilia. In this case 
the Paramecium moves through the water in a peculiar way, carrying 
with it the small particle that has induced the thigmotactic reaction 

“The cilia beating strongly backward 

in the oral groove of course impel the 

animal forward. But as the active cilia 


are all on one side, there is also a t 


dency to move toward the opposit 


\ yyW side. The resultant of these two mo 


é tions at right angles to each ot 

a motion in the circumference of a 
circle. In fact, the animal moves for- 
ward in exactly the lines indicated by 
the arrows in Fig. 19, only, of course, 
in the opposite direction from the water 
currents. The ciliary motion is thus 
the same whether the thigmotactic animal is at rest or in motion; 
in the former case the water currents move obliquely backward ; 
in the latter case the animal moves on the same lines obliquely 
forward. The Paramecium is, as it were, whirled about in its own 
whirlpool” p. 305). An inspection of the Fig. 19 
referred to in this extract shows that when the animal moves in 
a circle as there described, the oral side of the Paramecium must 
look continually toward the centre of the circle. Fig. 10 shows the 
successive positions of a Paramecium exhibiting the thigmotactic 
reaction toward such a movable particle; the arrows indicate the 
direction of motion of the Paramecium, while the circle indicates the 
path traced by the anterior end of the animal. By reference to this 
figure it will be noticed that under these circumstances the body 
moves forward tracing a curve, with the oral side always toward the 
inside of the curve; in other words, the animal continually turns 


toward the oral side. In connection with the other movements de- 
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source of stimulus, the cilia are reversed in position, now striking 
more strongly forward, and presenting the appearance of being 
directed toward the anterior end, as in Fig. 11. As a result the 
animal is, of course, impelled backward, or toward the broad, pointed 
end. It is worthy of especial notice that the cilia in the oral groove 
are, like all the others, now striking forward, so that a current of 
water passes swiftly from the mouth toward the anterior end, — con- 

trary to the usual direction. 
Next, after the backward swimming caused by the reversal of the 
ciliary motion has ceased, the animal begins to turn. At this stage 
the cilia are found to have the following motions. 


,—_— The reversal of the cilia in the oral groove has 


£ y ceased, and they are striking backward again, — thus 
f . tending to drive the animal forward. The remainder 
a fO\ \ of the cilia on the anterior half of the animal strike 
\ transversely toward the oral side. This is shown in 
\ lig. 12. This reaction was first seen clearly in Para- 
mecia that were immersed in a ? per cent solution 
1O i of chrome alum; it was then confirmed for othe 
\ i substances and for stimuli other than chemical, by 
f the use of the gelatine solution and by observation 

of the currents about Paramecia in water containin 
Ficvre 12. Pos} Pewdered carmine. The arrows in Fig. 12 indicate 
tion of theciliaas the direction of the water currents produced by the 
the Paramecium cilia at this stage of the reaction In the oral groove 
there is a strong current backward, while on the an- 
direction of the terior half of the aboral side there is a transvers 
water currents current from the aboral to the oral side. This mo 
tion ofthe cilia of course causes the Paramecium to 
turn toward the aboral side (opposite the arrows in Fig. 12), and 


with this observation we have determined the real mechanism of the 
turning. 

The next step in the reaction is the cessation of the transverse 
stroke of the aboral cilia, so that they strike backward, as before the 
stimulation, driving the animal straight forward as at first. 

Thus the reaction of Paramecium to any ordinary stimulus is as 
follows: (1) The cilia over the entire surface of the body are re 
versed, striking forward, thus driving the animal backward. At the 


same time its direction of revolution on the long axis is reversed. 


(2) The reversal of the cilia ceases; those in the oral groove strike 
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an intense and long sustained reaction. Phe 

swiftly backward many times its own length, revolving rapidly o1 
long axis from right to left. Finally, the transverse stroke of th 
aboral cilia intervenes, in an equally powerful manner, and the animal 
turns sharply. It may thus turn completely around; or in som 
cases it may whirl more than 180 ,, so that the immediately followin 
forward course takes it back again into the drop of acid. Certain 
chemicals exaggerate all the activities composing the reaction to a 
remarkable degree. Thus in } per cent potassium iodide, as already 
described, the reversal of the cilia lasts six to eight minutes, the Para 


mecia all this time swimming swiftly backward; then the transverse 
1 JENSEN, P.: Archiv f. d. ges. Physiol., 1893, 


2 DAVENPORT, C. B.: Experimental morphology, 
PLATT, JULIA B.: American naturalist, 1899, xxxiii, 
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backward (which in itself, of course, increases the chance of avoiding 
an obstacle after turning), and also turn strongly, — perhaps nearly 
180°, so that the remainder of the path lies in quite a new direction. 
It seems probable that for most circumstances in the normal daily 
life of a Paramecium, this rough hit-or-miss method of reaction is 
quite sufficient to keep the animal out of danger and to enable it to 
avoid obstacles. But the utility of the reaction is left to chance, and 
so circumstances may arise in which the chances are against the 
Paramecium. ‘Thus in the presence of a drop of some strong chem- 
al, such as y45 per cent sulphuric acid or cupric chloride, it will 
readily be seen that the chances of escape are limited. The animal 
responds to the first stimulus by a violent reversal of the cilia, carry- 
ing it some distance backward. If now the direction in which the 
transverse stroke of the aboral cilia carries it after this backward 
course is by chance such as to take the animal away from the dro 
well and good; if, on the other hand, the Paramecium ts carried 


b at once to it 


poisonous effects. Observation shows that when a drop of sucl 


second time against the drop, it is likely to succum 


substance is introduced into a preparation of Paramecia on the slick 


it soon becomes surrounded by a zone of the dead infusoria. 


same is true of a drop of a dense solution of cane sug 
injurious from its osmotic pressure. The Paramecia react when they 
enter such a dense solution, but the reaction is not precise enough to 
ake them out of the destructive area before they are kill 
ly striki 


Che uselessness of the reaction seems especially 
Paramecia are completely immersed in a solution that acts 


+ 


Under these circumstances, when ‘re is no obstacle 


avoided and the stimulus is not localized at all, the Paramecia resp: 
with exactly the same reaction. Paramecia do not modify their con 
duct to suit the needs of the case, but give the same reaction undet 
all circumstances. The reaction is exactly such a one as might be 
maintained by natural selection, acting under an environment that 
makes no severe demands. Since the Paramecium usually swims 
forward, a majority of the stimuli that affect it at all will affect the 
anterior end. The whole reaction to avy stimulus is, therefore, based 
upon this position of the source of stimulus, without regard to 
the conditions in a given particular case. For stimuli acting upon the 
side of the body, the reaction is, therefore, a very imperfect one, the 
1 There i eat variation in the repell power of different chemical com- 


This subject will be treated by the author in a separate paper. 
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Special Ce 


of complete immersion in a solution that a 
stimulus, the reaction seems under experimental conditions to be 
ly imperfect and useless. Under the normal conditions, 


verhaps serves the Paramecium ve well even for this 


sc. Suppose that the Paramecium in its headlong course finds that 


it has entered completely a circumscribed region of solution havin 


injurious properties. Evidently, to immediately reverse the cilia and 
swim a long distance straight backward is as likely to rescue the 
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Paramecium from its perilous position as anything it could do, and 


aight course backward does not bring it at once out of the 


solution, it is perhaps likewise sound practice to change the 


direction of motion. “As under other circumstances, the reaction 
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The collection of Paramecia in the region of a n attractive j 


Hf. S. Jennings. 


stimulus, as in positive chemotaxis or positive thermotaxis, evidently 
depends equally upon chance. Nothing acts as a direct attraction to 
Paramecia. Their habit of swimming continually through the wate: 
is What must be relied upon to bring them into the sphere of activity 
of any agency. In this seemingly random swimming they are fre 
quently met by influences which cause in a slight degree the reaction 
I have described, as is shown by the frequent slight jerks backward, 
followed by a slight ‘nin a new direction. In this way the Para 
mecium follows the line of least resistance, as it were, and finally may 
come into the region of a chemical toward which it is positively 
chemotactic, or into a region of optimum temperature. If now 
proces ds on its course across the optimum territory, on coming t 
the farther boundary it passes into a region of such a nature 


induces the neg 


tive reaction; 


animal turns away 
and after some 
repetitions is 
rected back 

thy 


process 


this tak plac eC! 
the case of ther- 


motaxis may be detailed, since my account differs so completely in 
principle from that of Mendelssohn,! who first gave a careful de- 
scription of thermotaxis,—and_ since this process affords a very 
striking example of what might be called the automatic selection of 
movements. 

Four strips of capillary glass tubing, enclosing a rectangular space, 
are fixed on a slide by means of Canada balsam (Fig. 15); the 
enclosure is then filled with water containing Paramecia, and covered 
with a long cover-glass. The Paramecia are scattered uniformly 
throughout the enclosure, swimming in all directions (the two ends 
being at first not empty, as they appear in the figure). Now one end 
of the slide for about a fourth of its length (from a@ to c) is allowed to 
rest on a water bath heated to about 40° C., while the other end, 
from f to d, rests ona piece of ice. Soon it will be noticed that the 
Paramecia at the heated end, between 6 and ¢, are in violent mo- 


1 MENDELSSOHN, M.: Archiv f. d. ges. Physiol., 1895, Ix, p. 1 
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result is not due to direct swimming toward the optimum tempera- 

nor a direct swimming away from the hot or cold region, but 
by a sort of “ automatic selection” of movements. The Paramecia in 
the two ends keep swimming hither and thither, until a chance move- 


ment in the right direction carries them into the optimum zone. 


Motion takes place in any direction till one is automatically selected 


by the fact that it brings the Paramecium into new conditions. The 
analogy of this to the natural selection of structures is obvious. 
Mendelssohn, who described the phenomena of thermotaxis in 
Paramecium without a knowledge of the finer mechanism of the rea 
tion, assumed that the Paramecia turned and swam directly toward 
the optimum region from either end. In a Paramecium approachin 
a source of heat, the anterior end would thus be slightly warmer than 
the posterior end. Mendelssohn assumed that the directive control 
exercised by temperature must be due to this slight difference in 
temperature between the anterior and posterior ends of the same 
animal. He found that in a trough 10 cm. long, a difference of 
three degrees Celsius between the two ends of the trough was suffi- 
cient to cause the Paramecia to collect in the warmer end. The 
average length of a Paramecium being about 0.2 to 0.25 mm., it was 
easy to calculate that there was a difference in temperature of about 


0.01 C. between the two ends of a Paramecium swimming leneth- 
Wise in the trough. It was, therefore, concluded that the Paramecia 
were sensitive to a difference in temperature of o.o1’ C. But, as 
shown above, the method of reaction is much coarser than that as- 
sumed by Mendelssohn; the animal swims from one side of the opti- 
mum region to the other, not reacting at all until it comes to a region 
decide dly hotter or colder. The sensitiveness to temperature ditfer 
ences may, therefore, be much less than that given by Mendelssohn, 
In a trough with the optimum temperature at one end and changing 
cradually to the other, the only difference that one can be certain of 
their appreciating is that between the positive and negative limits of 
their excursions. Ifa single Paramecium swims back and forth over 
a stretch of 5 mm. lying between the cooler and warmer regions of 
the trough, then it must be concluded, that it is sensitive to the differ- 
ence in temperature between points 5 mm. apart; sensitiveness to 
any less difference is not proved. Similar considerations apply to 
other sources of stimuli, since the mechanism of reaction is the same 
for all classes of stimuli. It is evident that the sensitiveness of Para 


mecium to different agents may have been greatly overestimated. 
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even opposite stimuli produce the same reaction, and that stimuli at 
one end, at the side, or acting over the entire surface of the animal 
at once, produce the same result. The reaction appears to be purely 
arbitrary, without any relation to the nature of the cause. It evi- 
dently depends upon the internal mechanism of the body of Parame- 
cium, and this mechanism is so complicated that we are quite unable 
to trace the steps which lead from cause to effect. 

For all practical purposes, therefore, the reactions of Paramecia 
present phenomena not a whit simpler for a causal understanding 
than the activities of a highly developed Metazoan. The mechanism 
of the unicellular organism, lacking as it does a complex nervous 
system, may, as a matter of fact, be simpler than that of a Metazoan, 
but in both cases the mechanism is of sufficient complication to in- 
terpose for our understanding an absolute break between stimulus 
and reaction; hence the study of the Protozoan gives no deeper 
insight into the essential nature of such reactions than does the study 
of a Metazoan. Whether the reactions of such a comparatively 
undifferentiated lump of protoplasm as Ameeba will really prove of 
any more value for such an insight remains to be seen; certainly 
Amceba is deserving of a thorough experimental study from this 
standpoint. 

Thus the principal intrinsic interest of this investigation lics not so 
much in the fact that the organism studied is a mass of protoplasm 
constituting but a single cell, as in the fact that it represents a very 


low place in the psychological scale. From the psychological stand- 


point, the reactions of Paramecium are extraordinarily simple. We 


have in this animal perhaps as near an approach to the theoretical 
reaction postulated by Spencer and Bain for a primitive organism, 

namely, random movements in response to any stimulus, — as is 
likely to be found in any living organism. The motions are strictly 
random, so far as the position of the source of stimulus is concerned ; 
the animal always swimming, after stimulation, in the direction of one 
of its own ends (the posterior), and turning toward one of its own 
sides (the aboral), without regard to the relation of these directions 
to the source of stimulus. And by the repetition of the reaction the 
direction of movement is frequently changed, — always without rela- 
tion to the localization of the stimulus. It appears not to have been 
foreseen, theoretically, that such random movements would of them- 
selves if continued carry the animal out of the sphere of influence 
of the agent causing them and keep it from re-entering. To accom- 


Mechanism of the Motor Reactions of Parameciu 


plish this result, it is only necessary 
should be changed at the moment when 
and at intervals so long as its action contint 
It is evident from this method of reac 
neither directly attracted 
often assumed that it is a 
react in 
this assumption must fall 
and possibly no 
mechanism of the 


be ascertained. 


Varamecium 
to all classes of stir 
ities. (1) The dire 
the entire surface of animal 


the animal backward (2) The 


the direction of motion 
ic stimulus begins to act 
tion that Param ba 
Hed by anv age It 
rty of living « inisms ft 
ons, to b attract 1 b 
reactions of Param 1 
certainly not untive 
as been Ipp | 
organisms remains vet t 
In regard to the position in the psychol il scale to be a ned 
to Paramecium, the following may be said Phe organism 1 nd 
to any stimulus by a definite, well-characterized reaction Ph 
may be said of the isolated muscl fad Phe intensity of tl 
reaction varies with the nature and intensity of the stimu t 
also is true for the muscle. Under certain influences the Param m 
remains quiet; likewise the muscle Phe direct relations of t 
motions performed are determined both in the Paramecium and 
the muscle by the structure of the organism, not by t tion 
. of the stimulus. There seems, then, no n tv f 
thing more in order to explain the reactions of Param m t t 
explain the reactions of the muscl We require, theref tt 
nothing more than irritability, or the power of responding t tim 
ulus by a definite movement, to account for th tivit f Param 
cium Since the direction of motion of th Params 1 
relation to th po tion f the source of st } ther i ! 1 t 
suppose that the animal has anything related t € 
position Moreover, it exercises no We, t { t 
being always the same with reference to tl parts of th nimal 
do not see that we are compelled to assume con 1S! { 
cence in any form to explain the m ments of tl reatul 
SUMMARY 
; motor reaction, by which it1 
action consists of the fol ict 
troke of the cilia is reversed, « 
o that they strike forward, d 
Pn: reversal cea th tin the oral 
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1 


croove strike ba while the aboral ci 
rior half of the body strike 
VCS ilts th rl toward 
end may, if the stimulus is strong, be 
in turning toward that 
first, driving the animal forward 


reaction the Paramecium is swimming forward 
at an angle to the path on which it 
The intensity and duration of the different parts 


he nature and intensity of the stimulu 


do not tt directly toward 
away from an injuriou 
ys as stated under 
le or one end of the animal, 
upon the entire 
h the Parameci 
factors, and is expressibl 
relation to thi posi 
ection in which the animal turns is a matter of chan 


carry animal away from th 


entire reaction is repeated till it d 


Positive and negative taxis, as applied to Paramecia, ar 


convenient terms for expressing the fact that the animals for 


tions in the reet j ain influences and 
collections 1 ; the terms do not express motor react 
Paramecia are not directly attracted or repelled by any agenci 


conditions. The collections formed in the regions of certain agencies 


are duc to the fact that these agvenci S Cause #0 Motor reaction. 


5. Different classes of chemical or physical stimuli do not have 
qualitatively different methods of affecting the stroke of the cil 


lal. 

In view of the mechanism of the reactions, the sensibility of 
Paramecium to different agents has probably been much overesti 
mated, since it is not the differential effect on the anterior and pos- 


terior ends of the animal that induces the reaction. 


7. In the reactions of Paramecium the steps between cause and 
effect cannot be traced, opposite causes producing the same effect, 
and the same cause if continued producing opposite effects. The 
nature of the reaction is conditioned by the internal mechanism of 
the animal’s body. 
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8. The reactions of Paran moi te that t 
at the very bottom of the psychol o sin 1 
the property of responding to a stim val I set of 
seem ufhicient to account for its act t 
he results presented in the tor { 
nection with an extended study of t ’ mot { | 
carried out in th ib ratory of tl Stat | 1 
for the Biological Survey of the Great | ne t 
of 1898, and continued at Dartmouth ¢ dl ef { 
autumn It t pleasure to ackn led t { 
Prof. J. Ik. Reighard, the Director of t . v, and to 1 
of the United States Fish Comm n for a tar ul 
every iV in carrving on tl investigation, as \ as for per 
b | 
to publish the pt nt paper. 
1) ( 
LIAN I I ). 


ON ABSORPTION FROM THE PERIT 


By 


I 


B. Mi 


HERE: is abundant experimental evidence 
an intr ular fluid i 


avascular fluid is separated from 


of different composition, an interchange of subst 


between them. Given a separating membrane, 


y permeable to the substances in sol 


will manifest a te ndency to become equalized in 


substances originally dissolved in the extravas« 


pass into the intravascular solution accordin 


principles of osmosis. That substances fore 


in this way be absorbed into the cir 


with the requirements of physical diffusion; alt 


means been denicd that the lymphatics also may 


transfer from the tissue cavities to the blood 


The problem of absorption from the pleural 


tics has been studied by Starling and Tubby ® at 


introduced a colored substance — indigo-carmin 


-in solution into the cavities, and observed thx 


ui 


pigment in the urine after 


igation of the thor 


introducing cannulas and collecting the lymph 


into the blood stream. In their experiments the 


ROTH: Archiv fur Physiologie, 1898, p. 542 


Cf. SCHAEFER’S Text-book of Physiology, 1598, i, p. 
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to ft 
ulation d 
blood vessels has long been known.* In investigat 


issolved substances with reference to the channs 


INEAL 


an extravascul: 


inces will tak« 
ution, the two 
composition, 


ular fluid onl 


enter the circulation from the connective tissue spaces, it has 


none others. 
or methylen 


reappearance: 


CAVITY. 


Thus 
yvomay 
lished 
Can 
h th 


customary procedure to introduce readily detectable compoun nto 
these spaces, and to watch for their appearance in the blood o1 
lymph stream under various cenditions. The outcome of the 

researches has been to attribute to the blood vessels an nportant 
role in absorption from connective tissue spaces, quite in accord 


acic ducts, or 
before its entranc« 
urine was collected 


| 
I 
fluid 
to the estal 
he 
throu 
the absorption 
1 4] 
f th 
Ch. 
387. 
of physiology, tSo4, xvi, p. 140. 


On Absorption from the Peritoneal Cavity. 
through a cannula tied into the urct ( 
bladder, either thr h an openin nto the ab i 
through an opening n the urethra, which was cxpo ) t 
the symphysis pubis. obset in th t 
minutes alter the injection of the ce l 1 f i into t 
tics the urine became tin with Diuc, hen 
used, or green, When methy b 1Dstal 
| rine, on ur, \ ( ) 
COLOUT \ i «i intel «t tl it i 1) i | 
lap of time, varvin from ten minut { | | 1 
flowin from th thoracic d t also became ] but 
coiour never deepened, on Nakin th air, bevond a 1 
r green | flow of Ivmph was not increases (p. 14 i 
Investigators add “Tt m it De arguea trom th ‘ ts 1 I 
] +) ] +4 ] 
the absorption of the colouring matt from t | ( nea 
cavity too place by means of the blood and by 1 7% 
th vinph ch is aint experiments Is 
ll by Iwmphat absorption If methvlene b Ol 
be in ted into the blood stream, thy mph tlowing from t 
] ¢] ] + ‘ 
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Ore I na een ) 
direct interchar bet n luid 
di ) ( ‘ 
Comparab 1 dine ob ! ! 
t ues, are experiment Mun 1 | 
Lit i Lif 1 iti i\ l 
In the rabbit, and removed the lymph comin rom t ‘ 
of the duct. When strychnine was thereupon inject t 
an of the head, no del on m or 
] ] ] ] 1.) 1 ] 
Vinptoms wa ) ad, a much th 1) 
Con? ( | | 


be detected 
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channel of communication th the general circulation. Further- 
more n the lymph collected from 
the h rel have demonstrated th 
active hf the liver in the absorption 
of sub ution of indigo-carmine was 
allowee hus of a dog at a pressure 
of 30 cm., the urine col iB uretcr was found to be blue 
ome minutes before QD oc from the thoracic duct 
howed a trace of (he cuthors conclude that the 
lymphatics play a si at most, in this pro of 
absorption.* 

In a recent paper Meltzer’ has reviewed the investigations of 
Starling and Tubby. Admitting that their experiments * if con 
firmed, would prove the correctn of the blood \ 
theory of EMM Meltzer has repeated them and has presented 
the protocols of a seri of further experiments which lead him to 
quite different conclusions. The method of experimentation 
essentially that employed by Starling and Tubby. Colored b- 
tances, or potassium ferrocyanide, were introduced into tl pel 
toneal cavity; the lymph was collected from the thoracic duct Te 
the urine by means of a catheter introduced into the bladder thr ] 
an external opening in the urethra. An extensive opening of tl 
ibdominal cavity was thus avoided. ‘Jn all of the experiment 
th coloured fluid or char icteristh Pru ian blu appeared a 1 
ably in the lymph distinctly earlier than in the urine... . 1 
lap of time between the injection into the abdomen and tl 
appearance in the lymph was in all the experiments approximat 
the sam an average of fifteen minutes. ... On the other hand 
the time for the first appearance of the colour, ete., in th rin 
varied considerably in the different experiments.” Meltzer add 
“In the few experiments | MR by injecting coloured fluid directly 
into the circulation, the HE appeared in the Ivmph_ befor t 
appeared in the urine; the interval for the lymph was approximately 
constant, while thc Hii urine was quite variabl 
between seven and thirty-iis.”* In view of this reverse of 

1 WERTHEIMER and LEPAGE: Archives d physiologie, 1897 

* Page 374: “ Ces quelques exemples suffisent pour prouver non lement 
les vaisseaux sanguins prennent une part active A la résorption du pigment le 
mais encore que les lymphatiques n’y ont qu’une part trés restreinte.” 

$ MELTZER: Journal of Hii, 1897, xxii, p. 198. 

MELTZER: p. 203 
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the re It obtained by Star and ‘Tub 
theory that the peritor sorption 4 

The preceeding d a1 
experiments with d ird to tions « 
airectly nto t 1) ( ( )t ¢ 4 
1) +] ++ ] 41 

n th inn Lot t 

I 
nto tl abdom oat { 
an int l { n of 
of urimaryv | of stron 
1 th thin an tint 
1) ( ) l / 
th minut later. Ob ition f led t 
Starling and by Meltzer 1] neesthet 
fasting) by a subcutaneous inject Pott tc f 
lowed bv chloroform-cther administration. Ca t 

1 \ ING: Journal of pl ] x 1). XXil 
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the thoracic duct and both ureters. For collecting the urine the 


ureter method seems to me to the preferable one, since it pre 


vents any stagnation of fluid in the bladder. But inasmuch 


method has been criticised because it occasions the opening of thi 
abdominal cavity the urine was collected in some cases directly from 
the bladder, in bitches, by introducing a catheter exteriorly through 
s obtained were not modified by this 
will show Phi colored 
] int 1 
vas always introduced into the peritonea 


ugh a small opening in the 


abdominal wounds were all carefully stitched afte 


ls of some experiments follow 


1 1} - ] 

I. Dog, 16 kilos. Cannula in racic duct and in each ureter. I] 
vinph flow in ten minutes was 2.3 ¢.c.; urmary flow was good. At 12.30, 
90 c.c. strong indigo-carmine solution wer ntroduced into t perit 
cavity. \t 12.46 the urine was tinged blue ; the lymph continued norm 
color until 12.58-12.59, when a faint blue tinge was evident. The uw » at 
this time, was perfectly dark with blue. At 1.05 the lymph showed a deeper 

] t ft ] ten t the ] ] n 
ie, b color w not ten it 1.20 the color began to d and 
till ! 1 when t experiment was concluded at 2.3 lh rine con- 
| | 
t 1 to ww a very dark blue color. 
| t color appeared in the urie in savfeex minutes 1 t ly ) 
faa 4 ill 
> ] “any? ] in. ti no it 

II. Dog, 20 kilos. Cannula in thoracic duct and in each ur Pe a 
for bl ¢ in femoral artery. ‘1 urine and lymph flowed 1 rly. tl 
ttel t th rat 1.9c¢.c. In ten minutes At 12.22 2 turated 
cart solution wet ntroduced into the peritor « LY. \ ] tint 

+ + ] 
| red in the urin 12.31, becoming very d ) at 12.34. | ( ! 
n to show tn the lym] t 12.45 and grat ly inere dl in int ity \t 
12.47 a blood samy] was drawn; the serum was tained by centri lization 
] 

lw precipitated with alcohol. ‘J lcoholic: filtrate was decidedly bl 
tatime when the lymph was only beginning to ww a trace of color. At 
> 20, when th xperiment was concluded, the urine w still intensely 1] 

\ ] l nt e \\ | i\ i \\ i it | i 

hus t color red in the urine in ave minutes; in t lymph in 

III. Bitch, 9 kilos. Cannula in thoracic duct. Catheter introduced ex 
ter y through urethra into the bladder. Lymph flow in ten minutes was 

| 

lL ADLI ind MELTZER caution against the use of a sharp « ila for this 
| ( t enter the intestinal lumen occasional] Journal of expe 
n tal 1 P- 493 


CL. The w \ 
bladder: otherw t tlow was not re ! 
sionally with respiratory movements. Dut t 
expressed at intery it three minute \t 4.01 tr 
carmine solution w trod 1 int perit at 4:3 
first bluish tint appear the Iymph. ‘The color d 
had decreased, if anvt ot con 1 of t \ 
post-mortem examinat wed th rw ( 
1 peritoneal cavity 
this experiment the f lity of of . 
men was excluded. Nevertheless. 1 ( r apy in t 
minutes the lymph in tes. 
IV. bitch, 10 kil Cannul c duct: cathet 
xp. I] Urine was read obtained by gentle ] re. J ly 
In ten minutes Was 2to 2 4 re -CAl 
introduced into t peritoneal ty At 1 
color, which soon deepen No trace of ( lL be det t 
within an hour. Accordingly at 12.43, 10 ¢.c. aqueou 
were introduced in the peritoneal cavity. at t 
more blue than before ; t Ivy med a tint 
distinct at 1.05, growing deeper and remainin \\ 
to death at 2.15. Practically all t ( 1 fluid | 
peritoneal cavity. ‘I diaphragm was 
Thus the color appeared in t 
could be detected in the lymph w } n | | 
seventeen minutes. and in t lyn newhat later. ‘I \] 
esting because of the method emploved to « t 1 ; 
amount ot indigo-carmin t first introduced 
The following details are included from addition periment 
which the lymph flow was accelerated by intraves t 
Ilymphagocue previously to the introduction of the « red t 
into the peritoneal cavity 
V. Dog. 20 kilos. Cannu » thoracic duct and in « ( 
for intravenous injection in facial vein. ‘1 flow of 
found satisfactory, at 11.33-11.34 c.c. of 20 per cent 1 rid 
tion were infused intravenously. In iccecding twent t 
of lymph and 112 c.c. of urine were collected. At ri.g4 125 t 
carmine solution were introduced into t peritoneal « ( 
ippeared n the urine at 11.46 nd | tensity. \t 
the lymph ; nt blu il tint, I \ ] 
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W 
1 intraven 


yntinued 


still flowing steadily. 


woracic duct and 


nyection 1n fac 
had been introd 
The lymph flow 
the infusion of the albumos« 
o-carmine solution were introduced into the peritoneal 


1] 


continued to flow abundantly; blue could be detected 
hours. A post-mortem examination showed the pigment 
out the abdomen; the thoracic cavity was entirely free from 
\ similar experiment was carried out with analogou 
kilos. Nearly 50 c.c. of lymph were collected without the 
pigment in it being noted. 


The data presented agree closely with those 
Starling. In every Case ti characteristic color 
urine before it could be detected in the lymph flowing 
thoracic duct, the interval observed ordinarily being about 


twelve minutes. ‘The reverse results obtained by Meltzer wi 


carmine solutions are briefly tabulated below for comparison,! 


345 
never very deep. When th re wain, a solution of five 
erams of Grubler’s pepton”’ was infuse¢ Fi irinary 
flow « sed at once. ‘The lymph cc blue in color, 26 c.c. being 
collected in the succeeding fifteen minutes. 
Thus the color first appeared in the urine in fowy minutes; in the f[ymph in 
minutes. 
Vl This experiment ready n referred to briefly. Dog, 15 k 
( nula in thoracic duct and in each ureter. \ pi vious injection of hetere 
tc.c. At 5.0 1oc.c. indigo-carmi olution (in 0.7 per cent sodium ¢ - 
ride solution) were introduced into t periton cavity. At 6.0 the serum 
| 
obtained from samp! of blood showed a faint bluish tinge. No pigment 
could be detected in the lymph, which was |) iii 
VII. Dog, 15.5 kilos. Cannula as 1 each ureter. 
Cann lution of eight grams 
of Gi ter, the urinary flow 
p! cl Imme 
ately . saturated aqueous 
indig cavity. The 
n it within three 
listributed throug] 
appearance of any 
the 
om the 
ten or 
th indigo- 
W t of Am t of fluid Time of first appearan f pizment in 
Dog. intr iced Lymp li 
kilos. ( mill n 
SU ty 
ee 1] 
IS 50 12 10 
10 30 13 
() 50 13 14 
22 76 14 SO 
1 MELTZEI Journal of physiology, 1897, xxii, p. 198. 


On A vor plion from lh Peritoneal Cavity. 
In view of the criticisms of prev tigat t 1 
to point out that the tardy appearan of t pigment t 
has not been due to any retarded lymph #1 in 1 
the rate of { wied ordinarily between 1.9 to 4.4 
minut The re ts are apparently independent of tl of t 
anima ana tl data obtain DV CO tin t t 
der agree in every respect with th furn l by the u met 
Che amount of colored ition introduced into the perit 
n my experiments h been relat ly sma 1) th thriat 
used by Meltzer; thi precaution t mead ¢ ) 1 t 
statement that “the absorption of such small an ts certa 
attordcd a greater similarity with that of the norma mph than ) 
the large quantities of fluids used by these other writers were e1 
ploved.”! Thus, in their experiments on rabbits, Adlet 1 
used 1 to 2 c.c. of fluid 
It is not difficult to understand the prolonged absence of pigment 
from the lymph in those cases where only small quantit re int 
duced into the peritoneal cavitv. The foreign tbstane 
quickly transferred directly into the blood stream, are at once t 
up ana ¢ minated DV KIGNCVSs, a Like i 
pigment also indicate In tl vav little material left to] nt 
tii Vinphati Vstem from the Vinph spa DV tl relat 
process, or D\ ubsequent transference trom t ) a 
t has already been mentioned tha ta ) nd ‘Tub CXp 
] +] ] + ] +4 4 
aqaoubt revardin the direct absorption of colori m » 
Ivmphatics In their experiments, and cmpha 1) thrat 
the coloration of the lymph may be due to a“ pa of c 
Ivmph from the blood vessels. Thus thev observed that a « 
substance introduced intravenously may appear in tl Ivmp 
from the thoracic duct within half a minut So far as Lama 
no other comparable observations are recorded ( 1) » br 
an interval. For sodium salicvlate, which d not influen { 
Ivwmph flow, Tschirwinsky ? has observed from four t 1 minut 
Cohnstein® has found four or five minut to int aft 
tassium or sodium ferrocyvanic Olution are n t and 7 
sodium iodide the writer* has repeatedly observed milar in 
1 ADLER and Journal of experimental 1 e, 1 
"TSCHIRWINSKY: Centralblatt fur Physiologie, 1Sq5 ; | 
COUNSTEIN: Ar f. d. ges. Physiol., 1895 
NMIENDEI Journal of ry, xix 7 
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vals. A few additional data obtained with 
here: 


VIII. Dog, 2 
ila for intravenous ctl in ht facial vein. Rate of 


inutes was 2.3 c.c.; of urine ' ie. At 11.59 


indigo-carmine solution (in 0.7 per cent sodium 


re infused into the vein. At 12.9 the blue color was di 


At 2.45 there was still a good flow of urine and lymph ; 


shown a trace of blue, Cl the urine had 


ep, now showing a light green tint. ‘Therefore at 2. 
same indigo-carmine solution were infused into the vei 
grew deep blue a second time, and at 3.08 the lymph began to 


int blue tinge which scarcely increased in color. Lymph flow in suce 


bleeding and the tl 


forty minutes was ro c.c. ‘The dog was killed by 


duct showed no blue color in an ut of its course. 


‘Thus the color appeared in the urine in fe” minutes ; 


lw nty-thri é minutes. 


IX. Dog, 11 kilos. Cannula in thoracic duct and in each ureter ; cannula 


for intravenous injection in right facial vein. ‘The dog had been w 
or water for two days; 50 c.c. 0.7 per cent sodium chloride 


been infused slowly into the facial vein. Lymph flow 


*. .c.3 urinary flow was 0.9 c.c. At 11.42-11.44 
carmine solution were slowly introduced intravenously. 

was colored blue and quickly grew intense in tint. At 12.05 the lymph showed 
a faint bluish tint, which grew slightly deeper; but at 12.25 the color was 
doubtful. Therefore 25 c.c. indigo-carmine solution were again injected, 


the lymph again showed the blue ti hich deepened 


Thus the color appeared in the urine in seventeen minutes ; in the lymph in 
twenty-three minutes (or with a larger quantity of colored solution in etg/t 
minutes. ) 

X. Dog, 15 kilos. Cannula in thoracic duct and in each ureter; cannul 
for intravenous infusion in left facial vein. Urine and lymph flow well; lyn 


in ten minutes was 3 c.c. At .20 21'2 20 C.c. One per cent ind 


carmine solution in one per cent sodium chloride solution were introduced 
into the vein. At 12.28!2 the urine was deep blue ; at 12.32 a trace of blue 
appeared in the lymph and gradually increased somewhat in depth of color. 
At 1.0 20 ¢.c, twenty per cent sodium chloride solution tinged with indigo- 
carmine were infused. ‘The acceleration in the flow of urine and lymph im- 
mediately followed. The urine grew less deeply blue ; the color was missed 
entirely in the lymph. 
Thus the color appeared in the urine in e7g/4¢ minutes ; in 


welve minutes. 


50 
iIndigo-carmine are given 
each ureter: cal 
n ee flow of lymph 
ten inc 12.0 10 of 
stinct in rine. 
oradually crown less 
-- 
the 
thout food 
had 
fey 
somewhat to light blue. 


In sim 


appeare d in thi 


protocols of tl 


Like 
statements 


Vations, 


satisfactory « 


The experiments recorded 
ssel theory 
cavity. 


experiments Melt er! ha reported that 
lymph before it appeared in tl Det 
experiments have not been pub red vl f 
| are made with regard to the uri v fl { 
those already tabulated It is diff It t 
the conclusion that the differen bet no oour 
attributable to variations in the method of til 
Thus in Meltzer’s experiments on direct intraven { 
colored fluid, intervals of 5 n to thirty-four minut 
color was detected in the urine; with intraperitoneal i t 
vals of twenty-three to eighty minut ire recorded. The 1 
were apparently independent of the si of the animal | 
longest interval that I have observed \ wehtcen minut n | 
IV when only 2 c. ndigo-carmin solution wet nts 
Furthermore the actual amount of pigment appearing the Iwmyp!] 
Was in no case equivalent to more than a very small fraction of 1 
pigment introduced into the animal, or found in the urin 17 
GE planation does not su t itself at present; ther 
however, quite different and perhaps mor itisfactory ws of 
ing at an answer to the main problem concerned.* 
in this paper are thus in no way 
to of the absorption of for n ystar 
Ir . Rather they conform th 1 1 t 
which are demanded by the conditions and princip! d 
the outset. 
1 MELTZER: Journal of physiology, 1897, xx . 203 
In a recent paper on the absorption of various intrapet ] \ 
lymph char els are excluded (in the rabbit). R 1 co id * |) t 
langsame Resorption der isotonischen Losung dur ( / 
i r Physiologie, tSgs, p. 545 Che older sit ir ex ents | H 
been criticised by ADLER and MELTZ! irnal of experiment ( I 
i, p. 482. 
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THE ORIGIN OF THE “TRAUBE” WAVES. 


By HORATIO C. WOOD, Jr 


HYTHMICAL variations of blood pressure not associated 


{ 


any perceptible alteration in the cardiac or respiratory functi 


hav been ck scribed 2) \ al observers. Phes 


form and in ‘circumstances undet 


who was the first to investig: 

vo types occurring in dogs in whom the artificial res 
been suspended; the one is distinguished by a rhythm 
natural respiration and resembles closely the respiratory 
in blood pressure; the other is much larger and slower. 

‘bserved waves of latter class in rabbits cither breathing naturally 

supplied with artificial respiration. They appeared. si 

irregular intervals, or in rhythmical groups. Their cause 
apparent, 

Since all forms of these waves are altered in their character 
same manner by similar influences the conclusion seems 
that the same cause underlies them all. When we come to look 

lis Cause we find in the first place that the waves are due to chan 


in the vasomotor centre. The evidence in ipport of this 


universally acknowledged that I will mention only the experiment « 


Mayer, in which the temporary loss of function of the medulla pro 


| vy causes the waves to disap- 


duced by shutting off the blood supp 


ar. The question as to what impels the vasomotor centre to 
these rhythmical impulses is not so easily answered. Hering 
suggested that impulses pass over from the respiratory centre (irra 
diation). He grounds his belief on the correspondence in rat 
between the Traube waves and the respiration, and on the fi that 
sometimes in imperfectly curarized animals slight spasmodic move 


ments of the diaphragm indicating activity of the respiratory centre 


1 Centralblatt fir die medicinische Wissenschaften, 1865, p. 
MAYER: Sitz.-Ber. d. Kaiserl. Akad. d. Wissensch. zu Wien, Math.-nat. KI. 
3, 1876, Ixxiv, 


8 HERING: 


£2009 } P. 

Of scss tnell which they are 


us a Means 


(about 0.04 


but not strong en h of themsel to | tect on | 
pr urs al 1 t t] wit th ¥ 
of thi reasol n hardly ap t 
described by Traube as recurrit t inter 4 
(Hering himself says wal ! { f =< 
minute ) Concerning t nd argument 
ments may often be observed in t 1 
nip ly curarized anima Kn 
ir interva but they are far t t t 
pr 
Mayer ppol theory of from t 
tory centre on the grounds that any n t t 
vacl, Which lowers the 1 piratory rat I 1 
type; and that they do not occur after | of thes t 
centre throuch shuttine off the blood 1, Butt 
reasons are open to objection Un t] ] rine of tl 
bt athing is accompanied by a correspondin 
of each respiratory movement and the maintenance of the nor 
respiratory exchange after section of the va d tf 
accumulation of carbon dioxide should favor the « rre! of t 
waves: moreover, the vagi are concerned with the inn tion of 
many functions that to draw any posit oncl ns J 
an obscure subject fre thr cttect tl 1) ] 
Phe support drawn from the discovers that stimulation of the « { 
end of the vagu attect tl form of tl wave, | 1 of it 
weight in view of the fact that Knoll ha nee found that sti tion 
of anv sensory nerve has the ame cltect \s to the t ! ! 
his belief, Maver seems to have forgotten that in « t 
supply of the medulla he paralyzed th ssomotor : 
respiratory 
\ better method of determining whether the respirator 
to be considered as a casual factor in tl production f ‘Traub - 
Hering waves would seem to be the of some agent which par 
Ivzes the respiratory and not. thi isomotor cents In 
experiments with veratrum viride? [find that th bstance otf 
mums Of thus scparating the two function By pi 
Gee. of the fluid extract per kilo, for dogs) the 1 ration 
1 KNOLL: id., 1886, xcii, p. 
£ Veratrum a | cliect. 
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can be absolutely paralyzed while the rise of pressure brought about 
by the asphyxia demonstrates that the vasomotor mechanism is still 
functional. Under these circumstances I have seen the most marked 
rhythmical variations in the blood pressure, both when it was hi 

(150 mm. Hg) and when it was low, either with artificial respiratio 
or when the animal was asphyxiated. The occurrence ef Traul 


waves when the respiratory centre ts paralysed shows that the. 


which occasion their discharge do not arise in that centre. 
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REACTIONS TO STIMULI IN UNE | 
ORGANISMS 1\ LAWS OF CHEMOLANI 
IN PARAMECIUM: 
| 

( 1 \ al +4 (i \\ 
lated in any way, they swim b t 

to the position of tl tim | t t 

¢ ] + \ 

constru bas 1] \ 

tif t f a Biological r t Git 
Jacob Reighard (A \ , wi ), under the ( 
of | ind Fisher Pu | 
Bowers, Fish Commissio1 

The f ving paper \ red in ! 

th fourtl l. Reaction fo patcal, mid 
Ciltate 1, Jourt f pl logy, ISQ7. Xx I 17 
of the AT Reactions of Para? emt, oul l I 
Ill. Meactions to Localized Stimuli in Sptrostomum and . 
naturalist, May, These papers will be for t 
following as I, I]. and III. r t 


may be given. Certain bstances in 
a Paramecium random movements, the direction of 
the stimulus 
as it continues 
‘aramecium is in time, by the laws of chance: 
them, 
toward these substances 
and the substances may 
eno motor reaction whatever, s 
come to vithin them, and 


a 


to the 


question some interest in view of a common 


tion of the origin of chemotactic movements. 


natural selection such individuals as are repe 


stances would survive and perpetuate their kind, while 


1] 


by the substances would be destroved ; the converse 


true as regards beneficial substances. We might then expect 


to find that the individuals which now survive have become accu- 


rately adjusted in these matters, being pelled by any substance 
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olution set up in 
movement bein 
ind ntly so 
ndirected motion 
irricd out of the 
ed from = re-enter- 
to b n il 
n () 
mat the Paran 
in further 
of such mre that they throw th Param 1 into a pe ! 
physiological condition, such that coming in contact th a fluid 
not containing thi ibstances cau the motor reaction ab 
characterized, so that the animals are returned into the 1 on of t 

ubstan causing no motor reaction Hlence if this 1 n 
a dense a mblage of Paramecia may be formed thin it. Sub 
tances of this character may therefore be said to be attract , an 
the Paramecia are posit lv chemotactic toward tl Phe tern 
repellent and attra , Negative and positive chem | 
n this paper, are then to be understood to ha nil 
accordance with the above definitions. 

2. RELATION OF CHEMOTAXIS TO BENEFIT OR IN] 

The present paper deals with the nature of the bstane thu 
causing or failing to cat the motor reactions, and with f 
their action Che first que mm which will be taken up 1 } rd 
to the relation of chemotanis to the benefit or injury to the organism, 
caused by the given substance \s shown in II, the effect of t 
motor reaction is on the whole to carry the organism out of tl 
sphere of action of the substance causing the reaction and to pi nt 
ts returning Is the production of this reaction due to the fact that 
th ubstance causing it is injurious M//'i'®H Paramccia? 1 is a 
theoretical explana- 
is said that through 
repr 


= 4 
Laws of Chemotaxis tn Paraniecium. ; 
which ibjur them Any injurv mieht be cot to 1 
the o7 an anal 1! ot pa cau +] motor 1 
take the animal away trom the sou of r\ 
We know already from the first of t st that t 
which cause the motor reaction most mark \ 
clearly the phenomena of negative chemot ; 
vhile substances in which the Param L 
reaction only when they attempt to pass om/ of 1 
hal n a tK a 1 1 iction Lh Is t re net ! 
ind attractiy ipbstances is. toa extent ¢ 
that manv neutral V1 ( t] 
r all i] 1) chat er ot 4] n t] 
factor; further, that when acid ] 
often tl n it cl t ta 
n t] th of solut 
a becom never. and 1 
\ tii 
n acid tion b ‘ 0 if 
1 1 4 4 4 
to ce 111) 1Dstan in tue Of 
stan inju to them ? 
If the injuriou ualitv of the substance the det 
| ] ] ] ‘ + 
1) Cau Lile ( 1On) WilIch ! Lil ( 1] 
] +] 4 ‘ ] 
evidently two substan which are equa n 
equal powers of repelling Param 1, and if one stan 
in a weaker solution than a second, then also must t first 
stance be repellent in a weaker solution in the d 
words, the repelling powers of the two substances must be pr ! 
tional to their injurious effects 
tional to their injurious effects. 
Ch es a method of testing the qu on Vem 
the weakest solutions of two or morte ubstance that 1 { 
Paramecia, and note the ratio of their strength; then determine th 


NNINLS. 


is of the same substances that will 
time, noting their ratios as befor 
nately the same —that is, if the repellent powers 
ious then the evidence is 
1 of the motor reaction re 
ul] injurious effect of the substance 
s are not the ‘ he relation between 
and injuriousness is not one of direct dependence. 
| have compared in this way a considerable number of substances. 


repellent powers of differe ‘micals were il h 


AP 


ap 
po 
+], 
Lilt 
in 
the 
manner described in I and If for studving chemotaxis, by intro- 
ducing with a pipette drawn to a capillary point a drop of the 
substance beneath the cover-glass of a slide of Paramecia The 
SubDstan lo ) tested were Cissoived proper proportion n 
aist ad water. In distilled water alone the Paramecia form collec- 
tion 1 in I), that the repe it powers of the solutions 
are due wholly to the dissolved substance. For nding approxi- 
mately the weakest solution of a substance that causes repulsion, it 
convenicnt to prov ed as follows: cA series of covered watch- 
ola are filled with solutions of th ven substance, each : 
sive watch-vla th a solution one half or one fourth as strony as 
that in the preceding one Phus we shall ha perhaps 1 { = 
in itions: |, Bis and sy per cent, et The Param 
are placed on a slide beneath a lon ovel pported at tl 
ends by bits of glass tubing, Now with the capillary pipette drops 
ot itions of different streneths ar introduc | yeneath th hour 
ci of the cover-glass,— under one corne: drop of }, I 
t next , then , and » per cent. We shall probably find that 
mine of the drops remain empty, while others are quicl filled th 
Param i. Suppo that the 1, , and yy per cent remain empty, 
le th per cent is quickly filled. It thereupon « lent that 
» weakest solution hich repels the Paramecia ] som r 
el n and per cent. By making proper intermed re : 
vetween these two, approximately the weakest solution that rep 
the can usually be determined very expeditiously. \ 11 
the precautions insisted upon in | necessary for carrving on such 
experiments were of course rigorously observed. 
will pr nt in detail the results in two typical cases, then sum- 
marize my results on the sixty-five substances tested, in the form of 


Laws Of Chenmolarxis 


For a first case 
toward both of 
the solutions are very we. 
fulfil these conditions. 
due to the same component i 
weak solutions of both of th 
motor reaction which 1 


the in 


animals is 


which 


Zh Parante Wl. 
lake two chemically 1 Lal 
i \ ) Live WMIOLAN 
ana | la 11] 
ubstang Dot ill re 
n cacn Case, and t Parat { 
m. In stronger solution th { 
in repulsiot Is this due in h 
BEB jurious ettect of the stronger solutions ? 
lor potassium bichromate t weakest tion that rey 
about per cent acid th tion 
sects the motor reaction in operation tbout ] at. 
ratio of repellent powers therefore 7.5 to 1 in favor of 1 
acid 
The injurious ettects of t olutions are now. test f 
Watch-gla with tions of different strengt 
as ape ve d cribed, and into ea h a drop of 
with Paramecia is introduced and qu omy | t 
made in such a way that after t ntroduction of t ter { 
Paramecia thev a Of the orded j \\ 
n which all the Param tare kil Nn one minute Ist det 
for thr vo substances 
lor the potassium bichromate it is found in tl that tl 
1 1, 7 
est solution \ h | the Param Lin one minut 
( IS, al ( LW I 
( tion that repr them In tl ( : [3 vid t 
more ¢ ly ina D cent solution, tion 
streneth as the v t hich cat 1 } Oo! t 
of the chromic acid 
Comparing two rat find that th trikit 
\V chron a has but 75 times | t] 
bichromate, it is 150 tin nyu Pot 1 
1) trenoth ] » os 
does not repel until it 1 reached trenetl 
structive In the latter « the repellent p 
directly to the injurious etfects; rep nt pow ul 
appear at the same nt trom t 
tion If the conduct of the Paramecia is ob { ! 
scope as they vim) backward after nt { 
of » per cent chrom Cc acid, it at one ( t t t 
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and frequently they di 
reaction 
Paramecia are 
n such a droy 


Paramecia are therefor 
lead animals 
is introduced, 
irectly, cathering, and after 


ved that many individuals of the group 


the potassium bichromate, 


injured whatever 


about 


vitl 


is immedi 


markedl\ 


cained 
dium chloride was fou ve a distinct toxi 
its Osmotic properties 
solution of sodium chloride which repels the P: 
mecia is from ;'5 to ., per cent. The weakest solution of cane sugar 
which sets the motor reaction clearly in operation is 10 per cent. 
Paking the repellent solution of sodium chloride as ;y per cent, 


TRUE: Botanical gazette, 1898, xxvi, p. 407. 


decidedly injured, after swimming backward 
a little distance hus not set in operation by 
the chromic acid u already injured and it too 
late to save them s introduced beneath the 
cover-glass, the and the 
drop is soon sut a drop of 
a solution some\ the Para- 
mecia enter it d a tim t 
other hand, the Paramecia are never MEE sthhe streneth of 
olution used; they gather in a ring Mii a drop of strong solution, 
but do not enter it deeply enough to be injured. 
leor the two substances then the test results negatively; pota 
ium bichromate has twenty times the’ repellent power it should 
ha if repellent power depends alone on the injuriousness of th 
solution 
We may next test two substances which do not attract the Par 
mecia in any strength, and which are not injurious in virtue of their 
chemical properties at all, but only as a_ result of their osmotic 
pressure. “As such substances we may lect dium chlorid ind 
cane sugar. Repeated comparati' tests Wh isotonic solutions of 
these two substances indicate that neither Hiiii'i'/'/™§fatelv inju to 
the Paramecia except through osmotic pressure; stron on olu 
! tions of the two substances kill the Paramecia in approximately t 
same period of time. Thus if Paramecia are introdu 1 at ti im 
time into [ per cent sodium chloride lution and 9.64 per cent cane 
sugar (which is isotonic with I per cent solution of sodium chloride ) 
in both cases nearly all the individuals are found to be dead twent 
minutes after they were introduced, and in neith solution. de th 
proportion of dead Hi/''7'7 prepondcrate his result for Para 


Laws Of Chemolraris 

repellent power of sodium chlori to that of | 
tO yo, OF as I to I the oti hal ‘ tat 
odium chloride has the same injut ect as | 
sugar, so that the injurious ettects of | 
can aras1oto!. The rep nt {1 
that of the chromic acid, is plainly d to it 

Phe motor 1 n not tin op tion until | 
as shown by the evident shri of the bo 
usually too lat t this time t ve them from ¢ 
of stron r solution ntrod | int of | 
oon becomes f | th the « d Prot (); 
drop of sodium chlor not destruct 
nce the motor 1 on t in operation long | | 
mecia have entered eply en h to be in | 
has, as shown by tl it ven abs ten tin t 
that nhould Na il rep power depel 

e number of compounds, 
the relation between repellent px rand 
chen i| ) 1 th tt oO 
substan px im | romat 

«t i } i 

Paramecia at urea and it tor 
drop of any one of bstan ntroduced bet 

a OF a d preparation of Paramecia pi 
destruct ( 

We may for convenience classify the bstane n t t 
( are attra e to tne al } 
and those which are repellent in all ettectiy olutions (Bb) 
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rABLE I. 


t power strong In proportion to 


cts: chemotaxis protec- 


At 


bichromate, 


tasslum 


\mmon 
(Chrome alum, Potash alum, 


I 
Li.coO., 
I 


NO,, NaNO,, 
NaOH, KOH; 
NH,F, NH,Cl, NH,Br, NH,I, 
( SrCl., Bat 


~Sr(NO , 


From this table and the foregoing discussion it is evident 
question proposed is to be answered in the negative The injurious- 
ness of a substance is not the determining factor in its repellent power, 
since the repellent power of different substances is not at all propor- 
tional to the injuriousness of their solutions. In the substances of the 
second column, such power as they have to set in operation the motor 
reaction of Paramecium is indeed evidently due directly to the injuri: 
caused, though this power is nothing like so precise and strong as in 
the substances of column 1, not being sufficient even to prevent the 
Paramecia from entering and being destroyed. 

The fact that the injuriousness of a solution is not the chief deter- 
mining factor in its repellent power seems to indicate that the com- 
mon theory, according to which the reactions of organisms have been 
fixed by natural selection through the destruction of the individuals 


not repelled by injurious substances, does not contain the whole truth. 


In the case of the substances enclosed it pare he reactions of Para- 


ia from different regions varied, as described in a subsequent part of this} aper 
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|. Kepelle) 2. Repellent power very weak in propor 
\. MVractize Subs: ) 
Sodium fluoride, Potassium HF, HCl, HBr, HI, 
\mmoniun chromate, O_o Acet Acid, Tannic Aci 
ricya r Picric Acid, Chromic Acid 
(KCI Kut Potassium fluorice Potassium permanga- 
Al 
(B. Repellent Subst 
LiCl, NaC KCl), (RuCl), (CsCl),* Cane war, Lactose 
rr, Malt Dextr 
Mannite, Gil 2 
Urea. 


L Of CACWOlLANIS 


Probably many of th 
by the Param 
oward these 
reactions are 
substances, while oth 
were, e similarity « 
which 
may be 
biology 
of this sort i 
that to the tendency 
due the apparently 
ably serves a useful 
It may be that the t 
such destructive ones 
of reflection of this 


natural selection has 


stance by bringi 
Chere is alwi a number 
reaction, eing mucl 
the majority 

Another consideration « 


be 


which natural 


in 
never found; 


meccia as We 


If the injuriousns 
their ‘nt power, 
tion of the table ab 
substances in 
large proportion 
Ru, Cs, or NH,) or of the 
1] 
ll, 


true of all, whether havin 


On the other hand most 


tan experimented th ha 1 
} or tn it n, and tn 
determined by other | |’ vy th 
natural lection to ! mall nut 
ibstances thev 1 
f their effects to th of 1 ibsta t 
en adjusted by natural 
ome alkali play in Important part t 
d that the reaction t rd other subst 
r similarity to the primary on We know 
ect in weak solutions of carbon dio: 
us habit of the Param i, and this pr 
ose somewhere in the life of the anima 
icy to gather in othe: | lutions, even 
wphutr acid and copper phate, is a rt 
ency to collect in carbonic ;% , and that 
had no opportunity to c t 4 { 
directed toward injuriou ibstan: Phat ther { 
for natural selection to act clear when one tests any chemical 
of it among a lat numbet { | in i 
of individual vho do not ve the tvpical 
1 more and some much | nsitive than 
f importance is the followin It may not 
Mat all the direct effects of a substance on the Param 
Ee selection has adjusted tl reaction towdrd that 
stance. Thus it mav be that in solutions of a certain nature, harm 
ihe Bacteria which form the food of the Paramecia at 
natural ection would then act by starvir uch Pa 
mmm Ot repelled by these solution 
2. RELATION OF CHEMOTAXIS TO CHEMICAL COMI PION 
ubstan¢ not the determinit factor in 
at zs the determining factor ? \n examit 
en brings out the followin | t All t 
repellent power is relatively great contain 
metal of cither the alkali group (1, N iN 
earth alkali group (Ca, Sr, Ba) 1) 
an acid, a neutral, or an alkaline reactiot 
Dee of the substanc n the second column con 


tain none of these elements. It is true that certain of thes¢ 
pounds, as potassium fluoride, potassium permanganate, and the alums 
do contain members of the alkali group. But in potassium fluoride 
the qualities of the compound are due almost entirely to the fluorine 
is shown by the fact that this salt, like hydrofluoric 


If, attacks glass energetically. In potassium permanganate and 


the proportion of alkali metal is small, as is shown by their 


is t] 


1@ formula for potash alum is KAI(SO,) 
molecule composed of v-cig 
is Ky; the properties of these comp ' 
he alkali component. The proportion of alkali metal is very 


larger in the sul his dependence 


stances of the first column. 7 


upon the presence and proportion of an alkali metal is in practice so 


striking that in working with salts whose action on the Paramecia is 


yet known, it is usually possible to predict with certainty from 


the chemical formula into which column they will, upon experiment, 


be found to fall. 


he results on these sixty-five compounds appear then to 


the following conclusion: Compounds which contain a large propor- 


tion one of tl 


1@ alkali or earth alkali metals set in operation the 
motor reaction of Paramecium even when exceedingly weak; their 
repellent power is therefore great in proportion to their injurious 


effects, and the infusoria are not endangered by the presence on t 


1 
he 
11¢ 


slide where they are swimming of a drop of a solution of these com- 
pounds. Substances which do not contain a large proportion of one 
of these metals as a rule set in operation the motor reaction of Para- 
mecium only when the animals are already injured; their repellent 
powers are very weak in proportion to their injurious effects, and a 
drop of one of them introduced into a preparation of Paramecia is 
very destruc tive to the latter. 

The fact, however, that the injurious properties of a substance 
reaching a certain intensity of action do produce the motor reacti 
is worthy of special notice; in all the substances in the second column 
the reaction is manifestly due directly to the injuries inflicted, without 
regard to the nature of the substance. Paramecium is not sufficiently 
sensitive to injuries to make the reaction thus produced of any pro- 
tective value, at least under experimental conditions. But it may 


easily be conceived that this sensitiveness might be so increased that 


the reaction would be of the greatest importance for preserving the 


animals; it is probable that in many organisms this condition is real- 


acid (ts: 

formula 

so. that 

of these 

duc to t 

justify 


We se 
produc tion of 


ynrase employ 


of thus react 


quantitative 


COMpPounas 


lement 


m to have in Paramecium the ve ] t yin tl 
reaction ( t] a of n ) 
USC a | ed by J. Mark Baldwin),—a that 
cems to have no f 
Ol in 11} 
Phe chicf determining factor in the rep 
then, for Paramecium, of a chemical nature, wit tot 
comparat isn of tl olut 
Phe con sion ab drawn to t 1 nt 7 { 
metal reinforced and extended by cet 1 
of the compounds of t meta th t of 
lithium dium, pota im, rubid 
with fluorine, chlorine, bromine, and ! ‘ | 
form a definitely circum bed group ot « pout t 
tics of which, as | known, vary ino ma res] t tht 
lecular weights of the elements Composin 1 \ 
Mumm study of the reactions of the Param t t 
was becun at Put-in-Bay Island, | 
summer OF 1n the hope that { 
the essential nature of emotanx | not 
Put-in-Bay, and on taking it up again at { 
that the Paramecia het n part trerent 1 tho! 
studied at Put-in-Ba Phe differen ire of su natu 1 
not unintelligible, vet it will be nece irv 
resuits obtained at le Twe piace 
The CHES belonging to the group of ha ens n ! 
in a series, beginnin th that having the | t aton 
] 4 +} + ] ] ] P| 
procecding to that wh 1 has the reatest aton I l 
fluorine Cat wt. 19), chlorine (at. wt ) rom! \t 
iodine (at. wt. 127) \s well known, t t] ft 
chemical activitv of these elements, the lichtest bei t { 
thre same Way the alKall met. mav be arrance ! ) 
ning with the lightest, as follow thium (at. wt dium (at 
23), potassium (at t. 39), rubidium (at. wt. 85) { 
Wt... 1334). This serie also Give ina eneral way t 
cal activity of the clements, the lehter ones ben { 
] ] ‘ } 
Phe compounds of these two sets of clements 1 ! 
table in such a wav a to e the Naloven ! } } ) 
ward, the alka erie from ft to right In 1 { 
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r stud 


ving the rei 
lor convenience the 


halogens are brought table, former 


lower row, the latter the rig 


compounds 


upper part of the table are given therefore compou 


1 


halogens with heavy, inactive metals; in these thi 
rons might be expected to predominate. 
lower corner are given compounds of light, active 
inactive halogens; in these the metal component might be 
to predominate. 
Now some of these substances repel the Paramecia in any effectiy 
concentration; that is, they produce the motor reacti 
in carrying the Paramecia outside of their influence ; 
call the repellent substances. Others when weak 
motor reaction when the Paramecia enter them, but when the animals 
attempt to swim ov? of the drop into the surrounding water the motor 
reaction occurs, and the Paramecia return into the drop. They thus 
form collections either within such drops or surrounding them in a 
close ring, —in the manner described in I, p. 269. These we may 
call attractive substances. 
\ll the attractive compounds in the above table are underscored ; 


those not underscored are repellent. It will be seen, first, that all the 


306 
ae ] 1 ler +1 ] 
arranged in this manner, are placed only the compounds which I was 
at Put-in-Bay. xides of the metals and 
constituting thc t-hand column 
rABLE II 
( Lit Ix ud ( 
1127). Lil Lil KI 
KOT 
In this table, as will be observed, the QR of the lighter (and 
more active) metals are placed to the left; the compounds of the 
Hehter (and more active) Nalogens in the upper row. n the 1 Hit 


and stron 


about the 


swim 


acids or hvdre n compounds of tl ttract 
that ali the compout ot t itest, n t act 1 
ire attract Of the next lightest ne, thi t tt 

e and two repellent. Of the hea t, most inact 
ill t] salt tu ! rep nt ¢ ] ‘ 
alts dec ase DASS t ird t] | | ‘ 
pounds of ht.a em tal th ] 1 ] 
lent; thi of light, active ha n th hea nact met 
attract \d ona ne cant 
table, from the upper left hand to the | ro t 
ill the attractive substances on the right from all t t 
substances on th ft 

+ +] +] | 1) + ‘ +1 + 

It thus appear vat the Param 1 to 
relation to the ments of wl 1 theva comp | 
components tend to repel the Parame the | ! 
to attract tiem acids of th nw 1 
may bs pre umed to character to the ¢ 1 ) na 1 { 
do not re pel 1 h lut 1) al 
as previously d issed. Phe hydroxides, or b in 

+ ] 4+] ] | 
meta e th haracter to the compound, cp nt in ar 
tion strong enough to produce any ettect whats | F 
pounds which are partly metal and partly n tt 
repellent in accordance with whichev: Ol 
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Che same conclusion is reached by a study of t t met f 
behavior of the Paramecia toward tl] tbstan ib 
attractive. Poward the compounds th nf ria a 
Dot) att) ted an repelléd \s ist tated tii 
tractive, the bases purely repellent Poward pot m 
which the halogen component 1 O active as to att , in 
thi alt, the animals react as toward a pure a 
fluoride, in which the fluorine © bound by the sodium that t { 
produce a comparatively inactive salt, the Paramecia are bot trot 
attracted MB oly repelled. When a drop of one pet { 
fluoride solution, for example, is introduced into a slid f | , 
1] ] ] +} ] ] +] 
it will soon be found that the animals have gathered in 
drop, leaving its centre entirely free. tl rit / 
MMM back and forth, ne the motor reaction whenevet re 
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to the inner side of the ring, where the stronger sodium fluoride is, o1 
when they come to the outer side of the ring, where pure water i 
Sodium fluoride thus gives a striking example of apparently positive 
negative chemotaxis to the same substance. Of compounds 
outside the group at present under consideration, potassium and 
ammonium bichromate and potassium ferricyanide show precisely the 
same phenomena. 
The other salts classified in the table as attractive show the same 
phenomena as sodium fluoride, except that the attraction is less 
strong and the repulsion stronger. The Paramecia gather in a nar- 


ow ring about them, and ‘this ring contains at a given time compar- 


atively few individuals, though enough to make the ring evident as a 


rather sharply defined white line around the drop. If the individuals 


constituting this ring are closely observed, it becomes evident that 
the motor reaction is set strongly in operation when they come to 
the inner boundary of the ring, where the stronger solution of the 
salt is found, and much less strongly when they come to the outer 
boundary, against the ordinary water. Thus many individuals re- 
main in the ring but a short time, finally crossing the outer boundary 
and escaping, so that the ring does not increase continually in num- 
bers and size, as it does in the case of sodium fluoride; it consists of 
changing individuals, each one being detained usually but a short 
time. In some of the salts the ring thus formed is almost evanescent: 
for a short time it will be distinct, then almost disappear, then reap- 
pear again. Finally, about the salts which are not underscored in 
the table no ring of Paramecia is ever formed. 

This formation of a ring of greater or less extent about solutions 
of various salts is a very curious phenomenon. The Paramecia are 
evidently thrown into such a condition by a very weak solution of the 
substance that the contact with the surrounding water now acts as a 
shock or stimulus to set the motor reaction in operation, — while this 
motor reaction is also induced bya stronger solution of the same salt, 
such as is found nearer the centre of the drop. In view of the facts 
adduced, it seems apparent that the shock on reaching again the 
outer water is due to the physiological effect of the halogen compo- 
nent, as this shock alone is produced in compounds in which, as in 
acids and potassium fluoride, the halogen is the element that chiefly 
gives character to the solution. On the other hand, the stimulus due 
to entering the salt itself is a result of the metal component, since 
this stimulus alone is produced in those compounds in which, as in 
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1. The base-forming elements of the alkali and earth alkali groups 
when present in a compound tend to produce the motor 


Paramecia whenever the animals come in contact with 


pounds, even in very dilute solutions, This may bx 


modern theory as follows: the kations of the alkali 
crouy 
mecia. As a consequence these infusoria are kept from entering 


s have a strong tendency to induce the motor reaction in 


solutions even whe solutions are very weak. 


>. The ions of the acid-forming elements, such as the halogens, 


in fact the anions of @// acid not themselves tend to cause 


motor reaction in Paramecia, except when present in such stren 


to be immediately destructive. On the itrary, they tend to 


the Paramecia into such a physiological condition that contact 


ith any solution containing no anions produces the motor reaction, 


As a consequence, Paramecia tend to congregate i 


vat give character to the solution. 


The fact that the same result as for acids is obtained for salts 


is mainly the anions t 


which the anion is much the most powerful component, as in 


sium fluoride, shows of course that the results with acids are not 


to the hydrogen ion of the acids 


3. Compounds that contain bot] 


and anions, may give a combination of 
» cause the motor reaction (with its reversal 
animals enter the solution (due to contact with 
when they leave the solution (effect of the anions ) In 
Paramecia collect in a ring about a drop of the compound. 
}. Salts that contain the relatively inactive kations 
heavy metals, as aluminium, copper, zinc, mercury, 
anion, hence their effect is like 
These conclusions in regard t 
kations on the motor reactions of 
ite a discussion of the relation of the ac 
of an electric current through a 
ments of the Paramecia under the same conditions. As is well known, 
when % tinued current is passed through the water containing 
Paramecia, they all swim with one accord to the k: le, — thus in 
the game direction as that in which the metallic tons 
is difficult to resist the impression that there must be some 


tion between the movements of these ions and the movements 


hese com 
putin terms of th 
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potas- 
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the organisms as 
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distance. Then they turn and dart furiously f { t 
often thu rush dit LIN nto th drop of a ra ! | 
vhen they sti th into which 1 
n by 1 } nd turning, h that 1 
them into a pe il lo Sn 
cause the reaction with certain of its typ 
upp Lh vhen the animal mmine for 
ta with diffusing mercuric chloride, thev « 
the ante end bein a little to « 
time the b b is t Then’ tl | 
n, the rit usua being nearly o1 te « { y 
vhich com n contact with a drop of 2 p cent y ' 
+ ] ] ] ] ] ] 
solution while swimming forward, pass in \ tion, | 
that the n pa 
ia gradually settling 
ucium chloride rep 
ausing even a change 
luced directly into 2 
istantly But in thre 
or four minutes they revive, and swim slowly about In 2 per cent 
(EEE solution, on the other hand, they are at once violently 
DE forward and backward swiftly. In solution of 
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it is not possible to give a figure which shall represent in a general 
way the weakest concentration of any one of these substances that 
causes rept lsion in the Paramecia, on account of the ve ry great 
variation in the reaction of Paramecia from different cultures and 

different conditions. for example, on testing Paramecia 
from two different cultures at the same time, it was found that those 
from one culture were decidedly sensitive to lithium chloride in a 


‘ per cent solution, leaving a drop of this strength empty for a long 


time, while those from the other culture were quite indifferent to the 


if 


same chemical even in a strength sixteen times as great, swimming 


in and out of a drop of ? per cent solution of lithium chloride with- 
out reaction. But the re/ative sensitiveness of Paramecia to two or 
more different chemicals seems to remain fairly constant, so that the 
order of sensitiveness to different chemicals can be determined H 
give therefore the order of sensitiveness to the different metal com 
pounds of each halogen, — the test of sensitiveness being the relative 
strength of solution of the different substances that causes repulsion. 
For the chlorides the order is as follows, beginning with the most 
That is, the repellent 

as the atomic weight of the metal component in 

the sodium compound is moved d 


bei 


less repellent than the compound of the heavy 


The weakest repellent solution varies from about 


lithium chloride to about 
bromides the order is, beginning with the most 

KBr, NaBr, RuBr; for the iodides Lil, KI, Nal, Rul 
two sets of salts the order is thus the same as 


] 
} 


“al, 


per cent in the ( hl ride of 


therefore, the repellent powers of the 
alkali metals varies inversely with the atomic 


components, except that in each case the sodium compound 


repellent than the heavier potassium compound. The ammonium 


Its were found in each case to possess almost exactly the same 
llent power as the corresponding salts of potassium 

Neglecting for the moment the inverted order in the potassium 

and sodium salts, two causes suggest themselves for the inverse 

proportion between the repellent power and atomic weights of the 


elements. The halogen component remaining the same throughout 


a viven series, the molecular weights of the salts of course 
with the atomic weights of the metal components. Hence 


repellent compounds have the greater molecular weight, so that a 
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SUMMAR AND CONCLUSIONS. 


introduction to the first of 
fourth, the program for work was 
‘le unicellular organism as completely 
ch a study should have been carri 


completeness, it should furnish a key to the u 


rganisms, and should throw 


of chemotaxis and similar phenomena. The investi 


cation of ‘ activitie Paramecium thus begun is far from being 
complete, ve lieve 1 av be said that the results thus far gained 
have already justified the plan of work. The mechanism of attr: 


tions and repulsioas has been made out, and the third paper 


series shows that this furnishes at once a key to the understandin 
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ral laws above ven; thus certain experiment em to show that 
thet i strong repulsion exhibited toward iodine, bromine, | 
chlorin vhen uncombined, —though in the ion ( | 1 these 
elements are purely attractive. The effect of metals other than the 
alka ind alkaline carths, ii with rong acid, 1 
of interest, and has not been determined Finally, an examin 1 of 
the specific phy | il effects of chemical compounds on th fer 
ent parts of the motor reaction, as well as on th ubdstan ana the 
neral function of the animals, would be of tundamental Liu 
| Such a studv would not be directed purely upon one aspect, as upon 
repu on and attraction, which are really the resultant of complex 
| 
tors, but should have in view any change produced by the substances 
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a weakly acid solution, due to the carbon dioxide in the water, pro- 


duced by themselves. 


When Paramecia in such a weakly acid solution come in contact 
a solution containing no acid, the motor reaction (with its re 
rsal of cilia) is produce d, so that the Paramecia do not pass out of 
lution 
passing from a neutral solution to a weakly acid solution no 


is caused, but if now the Paramecium attempts to 


()n 


Pass bac k 


again out of the acid solution, the reaction is produced (as 


that the animal remains in the acid solution. The acid thus chan 


the physiological condition of the Paramecium, so that it now r 
to the neutral fluid. 

8. The anions or acid ions present in salts tend 
Paramecia into the same physiological condition as 
that the Paramecia afterward react when they come in contact w 
fluid not containing these ions. 

g. It results from 5, 6,-7, and 8 that Paramecia collec 
having a weakly acid reaction, or in solutions of salts in which 
anion is especially active. Thus the so-called itive chemotaxis 
Paramecium is brought about. The sitive chemotaxis 

such as meat extract, is due to the 


solutions of sa 


earth alkali met 


Paramecium 


rht about. 
ferent al 
1 (and hence 
rcepl 


hter sodium salts 


salts containing the k: 


las a powerful anion, as of fluorine 

may act on the Paramecia, — the former causing the motor 
reaction when the Paramecium attempts to enter » solution, the 
latter when it attempts to leave it. In this case the Paramecia ga 

in a ring in the outer margin of a drop of the solution and are ap- 


parently both repelled and attracted by it. 
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into a lution which does not contain a lar proportion of the 
ions hus the apparently negative chemotaxis of Paramecia toward 
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12. The chief factor causing the motor 1 tion wv lt { 
negative chemotaxis is not the injuriousn f th stan but 
of a chemical natur Two substan of equally injuriou rt 
have by no means equal repellent powers, but th I al 
or contain kations of the alkali or earth alka ments ares h mor 
repellent than most others, without 1 ird to injuri tect 
13. Neverthel ,any substance which directly and 
the Param id thereby cau tL motor1 tion. Butt 
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name melanin” is a ‘ic term which is us 
of the dark brown or black animal pig 5. 
the body by normal processes, o1 | | 
asure to the great interes 

t they have been thx 
al nature, yet for some 
ruitless that at the present time we 
‘ven to define a melanin in a chemical sens: 
ed as to what ‘mical clements are necessary constituents 
a melanin molecule. If we consider for a moment the method 
he 


( 


have been employed for the isolat and purification of 
ments, and at ihe same time grant that these substances may be 
sensitive to the action of chemical reagents, and that it is also within 
the bounds of possibility that the composition of the pigment 

that of haemoglobin, is different for ditferent animal 

then be in a position to appreciate just such a discordance of analytical 
results as that which actually exists. 

Since these substances have been looked upon as very stable organic 
compounds, the general method which has been employed for their 
isolation from the tissues consists in submitting » pigmented mati 
rial to such chemical processes as will decompose or remove adherent 
impurities, on the assumption that the stable pigment will remain un- 
altered by the reagents that have been used. This has been vari 
accomplished by the action of acids or alkalies, by artifi 


digestion,’ and by putrefaction.2. The residual pig | material was 


formerly submitted to various purifying processes, or analyzed without 
further purification in accordance with the experimenter’s attitude 
towards the prevailing view that the pigments are derived from the 

1 BRANDL and PFEIFFER: Zeitschrift fur Biologie, 18go, xxvi, p. 348 
f 


2 DRESSLER: Prager Vierteljahrschrift, 1866, iv, p. 9. (Quoted from Archiv 


f. exper. Pathol. u. Pharmakol., 1897, xxxix, p. 79.) 
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treatment of the material with alkali 
perfectly familiar wi he distinction 
ment, found that the pigment aci 

processes from a melanotic sarcoma 
composition as to be represented by 


the 


In fact, it seems that the material call 


treatment with chemical rea 
lves. For this variation in tl 
melanin two causes may be assigned. 
First. The material called a melanin may be 
pigment with some impurity, the latter being ¢ 
action of chemical reagents. 
Second. The melanin may be a substance whose molecul 
sensitive, and easily changes its composition in the process of cl 
manipulation. 


! Anet and Davis: Journal of experimental medicine, 15 


2 SCHMIEDEBERG: Archiv f. exper. Patho), u. Pharmakol., 1¢ 
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On either assumption it would be interesting to know how far this 
change in composition can proceed, and for the purpose of investi- 
eating this question the work which is about to be described was 
undertaken. 


PREPARATION OF MELANIN GRANULES. 


Black hair from the tail of the horse having been carefully sorted 
and cleansed by washing with water, was closely packed in glass 


jars and then treated with concentrated hydrochloric aci 


excess. From time to time the contents of the jars were stirred, 


and as the material became disintegrated successive additions were 
made until 450 grams of hair had been used for every litre of acid 
After the final addition of hair the contents of the jars were allowed 
to stand, with occasional stirring, during the period includ 

August 1 and October 7. After the acid had thus acted for ten 
weeks at the summer temperature the hair was found to be com 
pletely disintegrated, the product consisting of a dark brown liquid 
beneath which was a muddy gelatinous mass, there being no sharp 
line of demarcation between the two. This material was treated with 
an equal volume of tap-water, and as subsidence had occurred fairly 
well after standing over night, the muddy liquid was siphoned from 
the black sediment. A large volume of tap-water was then added 
and the vessel thoroughly shaken. «As subsidence did not occur after 
several days, enough caustic soda was added to give the liquid a de- 
cided alkaline reaction, and the material was then made faintly acid 
with hydrochloric acid. Under these conditions the granules settle im- 
mediately, leaving a perfectly colorless liquid which can be sharply 
siphoned off. A large volume of tap-water was again added, and this 
process of washing by decantation was repeated many times, the alka- 
line fluid being occasionally filtered through coarse filter-paper, and 
the last washings made with distilled water instead of tap-water. 

The soluble proteids being thus removed, alcohol was substituted 
for water and the washing by decantation continued, the alcohol being 
made alternately alkaline and acid, as in the case of washing with 
water. After the last portion of alcohol had been siphoned off, the 
muddy mass of granules was placed on filters and washed successively 
with absolute alcohol and ether. experience has shown that it is not 
advisable to use a filter-pump for this or any filtration which will be 


mentioned in this paper. The liquid will run continuously for many 


! ABEL and DAvis: doc. cit., p. 369 
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and ti 


as immed 
was mad 


twenty-four hours th 


aninic acid that had fall 
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hours, through a plain filter, and while th peration it 
at the beginning, it does not become an t trat 
ceeds. In Case an analy th in | 
be taken with a spatula from the cent of th t fea f 
Gum ation by fibres of paper. 

MMMM a portion of the ether washin left on 
evaporation, the filters were allowed to stand { 
of the ether had evaporated and then placed in t 
with sulphur d and shavin of parattin. W 1 t matt 
the filters begins to show c1 t can be rem t afl 
becomes pet thy drv ther sdaneer of rem 

thick paste of granu ind to a p te m 
and thoroughly dried in a d itor pa yh acid 

A small w hed portion of th mat il was heated to nst 
of weight at 110° ¢ rom the numbers thus obt th th 
weight of d itor di ranul obtained from a tain { 
hair, it was found that the dr ranu nstitut yout 5) per t 
of the hair in its normal condition In the ca of the n 
Abel and Da found the proportion of gran to b { (2 
nee 

PREPARATION OF MELANINIC ACID 1 M GRAD 

ne hundred grams of caustic potash v m 
with 10 c.c. of water, and 10 grams of n Wel 
successive portions, the material being continu la 
centimetre of water being added from time to tin 1 diat 
the addition of a portion of granules there was consid 
ee of burnt hair, but the mat ul n 

m fusion \fter the last addition of gran | t 
ten minut at tempcratul \ 1 
330 BEMMhe melted mass was finally poured int t 
allowed to stand in a porcelain bowl until th tion 
cool Phe fluid, which poss do a most inten 
diluted with water to a volume of 10 c.c. and tilt lt 
ened filters. On dilutin i small portion of tl b © tiltrat : 
water there was obtained a pertes tly tran parent Bordea | 
which recognized as a tru lution ill 
filtrate aintly acid with hydrochloric acid, and after stat 
pale yellow liquid wa phoned from the 
DET) to the bottom. The latter v thi 


I] J Nes. 


ter for several hours, and spurted from the 


ater. The material 


was then alternately di large volumes of extremely dilute 


pitated by the addition of a trace of hydrochloric acid, 


lution having been filtered to remove particles of 


fibre iter-paper. When alkali is added the mel 


d goes sharply into solution, and on acid! 


lorie id the pigment falls out 


hydro h 
s immediately, 
t was made 
ion of any amount of 
d result, the melaninic 


1 1 


alcohol until the water was 


the washing by 


for thi 
the melaninic acid w 
mortar, and 
is Obtained is a dark brown amorphous powder with 
ak which causes the substance to aq 
rr when it is ground in a mortar. It 
ether, benzene, tic ether, and chloroform, but 
in distilled water, giving ‘latter a decided acid rea 
rom its solution in water it is precipitated by dil 
sulphuric id, but not by acetic acid. When dried for a long time 


in a desic ‘over sulphuric acid the pigment loses its solubili 


ute hydrochloric or 


water, but is soluble in water that contains a trace of sodium hydroxide, 
a fine, transparent red solution. When such a solution is 

d and made acid, a light yellow turbidity occurs, which gradu- 

ally turns darker and finally collects into reddish brown flocks, leaving 
a perfectly transparent liquid. The alkaline solution is easily decolor- 
ized by passing in chlorine or by boiling with potassium permanganate 
proper quantity. When dried at 110° the pigment becomes very 
cultly soluble i Ikalies. On heating in a tube over a free flame 


diff 
the melaninic acid deve a very offensive indol odor, a colorless 
deposit occurs on the colder part of the tube, and vapors are given off 
which yield an intense pyrrol reaction with a pine splinter that has 
been moistened with concentrated hydrochloric acid. There is, how 


ever, no odor of burnt hair produced. 
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filters, Washed with hot 
filters into tall glass jars by means of a jet of hot \.Z-_______ 
| such a solution with 
a reddish brown flocculent 
AVING a pericctly ( Ss 
» show that ten tim the 
» present could not be pre 
absolute alcohol As tl 
acid was washed by d n 
tation with absolute removed, when cthe: 
was substituted and QJ decantation continued. The sub 
sequent treatment of the material was the same as that described above 


blanc: 


is known, 


matte! t 
b 
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bik Com SITION OF Mi NINIC 
\ quantity of material which wa 1 mict 
tion to be free from fib: of tel ! 
to a constancy of ht at 11 
In a silver ert is) fused 1 
caustic potash and potassium nitrat 
quantitative determination of Iph | 
vater, the solution made acid with hy ! 
a trace ol Iver chlorid h til 
chloride not the clouding « 
hour, vet the addition of a trace of sulphut 
precipitate. 
II 0.2501 ul t 
( ram ve O.3939 
] 4 } 4 
Part of the same material, befor ! 1 ! 
was precipitated additionally six tin from a ¢ 
th hy lrochlori a | all { n \ 
exposed to the air, and the final p luct, ch i to « tau 
Wwe ht at 110, gave the fe vin il 
I\ 0.200] j 
\ 0.235 ram t n t ( ‘ 
VI. gram 0.3937 gram CO, and 0.056 HO 
\ 
. ? 4 
While the properties of this substance wl » | been not 
at oncé recognized as characterist of the melanin 
neverthel be objected that the rather rough treatment t 
the material has been subjected is well calculated t { 
chemical constitution that it bears only a remote chemi 
MMMM to the melanin that actually ewnist n tl bod \ tt 
of the chemical relation between livin 
ecm ditt t to che vhat cl 1 pre 
oe as perm ble for thr ition of a subst from t 


re with equa 


known to physiolos 


treatment to som 


AcCCOMpaht 


CONC. 


th 


a precaut 
melanins, 


ids on adhe 


of the 


respect tively 


1 
as Chemic. 


clitte rences trom 
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tissue Phe objection offered may theref proprict 
applicd to almost every preparation Bp logical cher 

istry, for what is regarded as very mild _—_—___mmmrr substan 

would be most. s« re when applied to others It being universally 
cranted that a chemical change is always ged by a chan 

of properties, it would seem that we arc =mmrmerned with tl 

characters of t] substance in question than willl the methods b 
Which it has been obtained 

While we believe that the pigment not identical with that o1 
nally present in horse hair we fail to see any sufficient lence tor 
regarding the former as a product of deep-seated chemical action 

Nor does the absence of sulphur from this material con un 
argument against its acceptance as a true melaninic acid, for Sieber 
obtained from the choroid coat a sulphur-free pigment, havin 
jected the material to no more severe an operation than boilin { 
two hours with ten per cent hvdrochloric acid Later, Ilirschfeld * 
obtained a similar result by using an acid of a strength | than tf 
per cent and working in the cold, ion which was employed 
to avoid the production of artificial ee as are hable to b 
formed by the action of stronger acids Hii@&brent proteid from 
this point of view one might think HH pigment that has been 
described in this paper as an_= artificial choroid pigment Such 
however, is not the case, for Hirschfeld * has shown that when tl 
choroid pigment is treated with melted alkalies, a product obtained ' 
which is free from nitrogen. 

Phe literature shows still another instance of a melaninic a ob 
tained by melting a natural product with alkalies, namely, the hip 
melaninic acid of Nencki and = Sieber.’ \lthough th bstane 
resulted from a longer treatment with alkali than the one which 
prepared, two preparations were found to contain 1.39 per cent and 
2.0 per cent of sulphur \Ioreover, it distinguished 
from the melaninic acid of Hirschfeld in its nitrogen content (10.41 
per cent). i ti ; clear that whether these products ar 
to be regarded a pigments or not, their marked 
chemical Ei one another constitute a conclusive proof 

SIEBER \rchiv f. exper. Pathol. u. Pharmakol., 1856, xx, p. 363 
yhysiol, Chemie, 1589, x p. 
iv f. exper. Pathol. a. Pharmakol., tSq7, xxix. 70's 
journal, 1899, ii, p- 291. 
$3 
chiv f. exper. Pathol. ue. Pharmakol., 1888, xxiv Sy 
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that the three phvsiol iL pigment t nt 
them hay rrespondin tleren | 
sumption that in. at ist on nstan t pat 
(Nen hippomelanin icidl ) ditt nt f nt 
(melanin acid from hor ta nt m 

\n extension of t] vor] now bei ol 
14 } ] \\ t] ‘ na ral 
bod form Vv the action of a iri 

TON AMIETLANIN () 

experiments were 1 with m I 

from. tl h 

\ 
en sodium hyd to { 
\ 1) ) ) ! 
‘ 

i il) 

en \ ] “ay 

rial, aMmMonium permanganate the « { 
the permanganat t immediately d that 


but its amount was 
probably 1 rable to undecompos 


le sul 


in the manipul 


Oxidation in an acid medium When 
treated with chlorine, the result 
using an alkaline solution 
on the pigment is thrown down 
the solution; its colo 
of half an hour 
now but little effect, for it was 
xperiment to completely decolorize a gram of pigment by treatmen 
chlorine for eight hours Several portions of pi 


vere roughly estimated to aggregate ten grams 


1 1 


chlorine in tall cylinders th ldish-yellow emu 


united and warmed on the water-bath. The undissol\ 


soon became flocculent, leaving 
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his instance organic matter could undoubtedly be proved amo 
products of t in nificant that it 
presence ts | ment 
As it 1 uite possible that volatikmmmm_bstanc: rmed in th 
periment was made in such a manner as to preclude the pr 
in olatile ac or basic substance bern ost \bi t rat of 
4 
melaninic acid from the horse’s tail were disso lina 
of sodium bydronide, and a venti tream of cChio 
passed into the alkalin ition. For the purps of retainin 
ba ubstan end of the apparat Was cl 
iD rption pulb which contained more than hail noucn hh 
icid to neutra th lium hydroxide in which tl piemel! 
( dl Phe pigment becom ipidly decolor lan 
minut a lution re t hich no mot | h ( 1 tl 
lution of chlorin is in it 1] material ( l into t 
tual port ns. al ft to on of thi +] hi 
olution contained in the terminal bulb, both portior 
to drvness on th bath and th les examined | 
of an ammonium t, but neither 1 ( tl liceht ‘ | 
of organi irbon \ similar experiment with the n ! 
m the n Nall ive th me 1 1 on n, t 
ms t fied that the pigments ea | 
n ition, and that in all probability the oxidation »comp 
ti e rise te Ich simple ibDstances as Carbon dionide, 
+ ] ] + 
clear, almost colork ipernatant 
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liquid olution was. filt a on. at 
becom omewhat dat =" put lin 
chloric acid. \t each step of tl Ire lure t mat 
to be darker in color unt t product w ( 
neral appearal naistin hab t 
nally used the oxidation Phe acid 
otf and the pigment washed by decantat { 
} tions of absolute alcohol. Tether was then ystitut 
the pigment was finally obta ia 1 ¢ hau 
| 
1) ir to that d | ) | | 
ninic acid Lhe p ict dried ina d uf 
oluble in water b ! ul in « in \ 
ott a r\ <atol od 1d 
inten rea r toa pin t that 1 
mi 
) y Pe { 
Vas ail qdtoa n int i 
( 4 
( 
\ ) { ( 
Phe formation of tl bstan 1) 
¢] { | | +] 
acid, must therefore be expre d by 1 
\ttention was next given to th thle pr fort 
action of chlorine on melanin a Dy tol | 
taining’ the ubstance va ht OW IM Ce | 
ually darker as evaporation on the wa vith { 
1] ] 1 1,1 ] 47 ] 
finally a verv dai red and dep { 
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| he 


which is in all probability identical with oxymelaninic acid 


precipitate was filtered off and a drop of the filtrate was made alkaline 
with sodium hydroxide. <A volatile base was given off which fumed 
air, changed red litmus, and gave dense white vapors with a 
ilute hydrochloric acid held upon a stirring rod. This base 
odor, which strongly resembles that. of 


be detected Susp 


in the 

drop of « 

has a very characteristic 

odor of ammonia could not 


the base be a substance closely related to if not identical 


emen, but the 


putrescine, a large portion of the solution was made alkaline wit 
1 in a small 


odium hydroxide and distilled, the distillate being receives 


lilute hydrochloric acid. The id distillate was evapo- 


qauiu 
led, and the pr 


water-bath, platinum chloride was ad 


platinum compound was recrystallized from hot water 


analy 


substances 
is. obtaine 
yrincipal nitrogenous 
as it was ipitatee 
n hot water gave 
th the ammon 
oluble plat mpound 
ammoniu latinum chi 


uantity of the original 


immediat 


attempts were also 
made to solution with chloroform 


and ( the 1 
benzoyl chloridk 


and sodium hydroxid 


after the ether had 


quantity of 
rated on th 
Cipitatc( 
| 
I 0.2177 sta gave 0.0923 ul t 
Il. 0.2365 m subs e gave 0.1027 gram pla i 
tica Foun 
NIL, )oPtC], I I 
Pt 13.79 13 6) 13.43 
So lar a qual lly ammo 
nium platinum cl ok upon it 
precursor as the ] dation \n 
I i 
analysis of the sa with 
Out cry stall Zauiol f pla 
would indica ioride there 
is also precipitate which con 
| 
ta yatinu ) | 
made alkaline with lium hydroxide and allowed to stand over nicht 
na ib al hn a small Quantitv of very dilu Suiphuric a 
Qn removing the bell-jar there was a most pronounced odor of 
ammonia, although no ich odor could be detected Hc! 
after the solu » had been made alkaline Che drop of 7 6 
acid was diluted with a litthe water and various alkaloidal reagent 
The liquid = +] 
ee he liquid was shaken out with ether, and 
} + ] +} ] } ] ] +} 
been evaporated the residue was boiled with 


the products 
identified by an 


from what has alrea 


ial methe 


neasv and cony 


pigmented granules in any desired 


] 


at ordinary temperature 
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possible to prepare from 


that must be regarded as melaninic a 


‘laninic acid. hese sub 


n this regat 
Hirschfeld is 
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and 
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combination, 
number of 
means 


instance 


sorted hair with concentrated hydrochlori 
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hydrochloric acid The benzovl nad tant 
finally goes into lution Qn maku t tion a 
sodium hydroxide an « r like that of put 
If th ubstance is 1 ted to put t vib tit 
merou omers, which far mor sit to th 
than putrescine itself Alth the ba fort lain 
quantity by the action of chlorin 1 m t 
acids trom the horse’s tail, from human m not 
the negro’s hair, no method has yet been tound f { 1 f 
po the reaction. We beli that th ibstan 

. analy s of its ben oyl comp nad, but I | ! I 
Eee ly been stated that to obtain the ba tselt 
very spccii'7iid of manipulation must b 
( 

(|) cnicnt method for the preparat f 
acid for a long t 
namely, melani 
OX \ 1) aces are fi from sulphur, as 
:_ v do not ditfer from the pigment which both Sic! 

olated from the choroid coat One of th mM) 
BM was shown not to change its composition by « f it 
solution in dilute alkalics to the oxidizing action of tl tl vl 1 
other was prepared in such a manner as to su t that it not 
to undergo chemical change without deep ited dl m tio | 
relation in composition between these two melaninic acid EXD! 
by the following equation 

This reaction, which occurs under the influet 
strongly us of the oxidation 
various organic compounds which contain se iromat 1 

1d which lose in the oxidation an approximat ( 
ae and hydrogen atoms. The oxidation of napht 

of chlorine to form phthalic « is 
. 
+ 40=—C,H,0, +2 


hemical composition | 


pigments that have been obtained from the 


or this purpose the following formulas have been 


he variou 


onstructed 


is pre pared 


indamental f 


re”? and from these formulas that for sulphuret 


expressions 


+] 
ul 


he 


elanini rto prepared, and has therefor 


laninic 


The 


XVI 
(3) 


ements prepared by 


sulphur-free igments 


formed wl 


ic substance 


+ 


treatment with 

ammonia, and yiel 
regenerated 


+ 


igments and proteids. 


rt of a chain of evide 


decomp 
» the formation of a large am« 
erivative from which the base 
this base from melanins 


chemical relation between 


and Winterst 


have obtaine 


and EI] 


in isolating putrescine from the putrefactiy 


ornithin by hydrolysis of arginine 


with barium hydroxide, 


] 


ver has succeede a 


ducts of ornithin 


As arginine is a common hydrolytic product of 
proteids, it follows that in the proteid molecule there exist 


tS SOM! 
grouping of atoms which corresponds to putrescine 


and which is a 
necessary part of the proteid molecule. 


The discovery of a base, 
therefore, which closely resembles putrescine in its physical and 
chemical properties, and which is a common decomposition product 

NENCKI and SIEBEI Archiv f. exper. Pathol. u. Pharmakol., 1888, xxiv 
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It is of interest to note the relation in ci iii etween 
2 4. CyH N 
Formulas (1) and (2) represent two analyses of a pigment whicl 
\ by Nencki and Sieber.! From the analytical data 
{ ME ormulas have been constructed according to Schmied 
hydrogen | 
been subtracted The thus obtained were divided by 
such a quantity as would bring i number of nitrogen atoms to ten 
fhe formulas show progressive oxidation as we pass from (1) to (4). 
Phe last member of the set contains relatively more oxygen than 
any been termed 
acid 
completely oxidized in akaline solution even at temperatures that are 
ry near 

(4) By treatment of one of th . Po with 
chlorine in an acid medium, a volatile basic e is HEE which 
an odor very similar to that of ' : 
| kalies leading t unt 
of ds a benzoyl d can 
be production ¢ rms 

ELLINGER: t., 15QQ, p. 3183 
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of three melaninic acids, su ts that son ri] 
melanin molecu con n formit { 

sults which Nencki! obtained by a ( ft { 

ial pancreatic di tion He ha LOW! t thre 
of tryptophan consists of at least tv , or 

brown pigment wh mposition (reck 1] ne f 
lentical with that of hippon ini id 

is to the chen ] { 
mother ibstan of { 
A \ ‘ \ 
i) al ) 
m n. Chitten \ nt 
Lil i ‘i i 
as to the manner in which the nat lp nt { lf 
prot precursot 
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